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Abstract 
Sleepiness is associated with reduced neurobehavioural performance, and in 
turn, driving while sleepy is associated with elevated crash risk. The postpartum 
period is a time of increased sleepiness and, as such, may be a time of increased 
crash risk when driving a vehicle. There has been little research investigating sleepy 
driving by mothers during the postpartum period, representing a gap that should be 
addressed. 
The current literature on postpartum sleepiness indicates that a large proportion 
of women experience it, although the time frame and progression of this experience 
is not clear. The literature also suggests that postpartum sleepiness is strongly related 
to inadequate sleep; however, there are suggestions that other factors contribute as 
well. The current literature on the impacts of inadequate sleep shows that mood, 
cognitive performance, and motor control can each be adversely affected. Finally, the 
current literature on sleepy driving shows that populations with increased risk of 
sleepiness due to inadequate sleep are at greater crash risk, but also provides 
direction towards effective avoidance strategies.  
To address the identified gap in the available literature, the research presented 
in this thesis includes three studies designed to focus on the population of postpartum 
mothers and achieve the following three aims: (1) identify information about sleepy 
driving prevalence, motivational factors regarding sleepy driving avoidance, and 
feasible behavioural skills for avoiding sleepy driving; (2) contribute to the 
development of an intervention to reduce the risk of postpartum mothers sleepy 
driving, with a focus on the inclusion of empirical-based and population-specific 
preventative information; and (3) evaluate the intervention, focusing on the 
information conveyed.  
Study 1 involved in-depth, prospective assessment of mothers’ sleep, 
sleepiness, and driving, for seven days at four time points during the first six 
postpartum months. Mothers rated their sleepiness for each driving journey 
undertaken during the assessment periods. Mothers’ subjective sleepiness was 
assessed on the final day of each assessment period, and objective as well as 
subjective assessments of mothers’ sleep were taken. There is limited previous 
research assessing mothers’ sleepiness so often across the postpartum period, and 
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particularly as late in the period, as this study. In addition, interviews were conducted 
with the mothers at two points across the postpartum period to obtain qualitative data 
for a thematic analysis. Study 1 found that early in the postpartum period there was a 
high proportion of high-sleepiness journeys; and a high proportion of late-night 
journeys were undertaken with high sleepiness. In addition, almost half of the 
mothers exhibited excessive daytime sleepiness at 6 weeks postpartum, but this 
proportion reduced during the subsequent assessment periods. The thematic analysis 
identified that some mothers exhibited sleepy driving self-awareness and attempted 
to implement avoidance strategies; however, they still made sleepy driving 
admissions. While the sample size for this study was modest (N = 19), the 
assessment of a large number of variables, and the prospective and longitudinal 
nature of the study provided a solid baseline for further investigation into the factors 
contributing to both postpartum sleepy driving and postpartum sleepiness. 
Study 2 involved the development of a new questionnaire intended to assess 
postpartum sleepiness, sleep, and driving-based behaviours. The questionnaire items 
comprised both existing measures, and purpose-developed items. Administration of 
the online questionnaire provided cross-sectional data from a sample of Australian 
mothers (N = 137) within the first seven postpartum months. The majority of mothers 
were experiencing sleep fragmentation, which corresponded with their infants’ 
fragmented sleep. The mothers’ sleepiness was moderately associated with their level 
of sleep fragmentation and sleep quantity. A small proportion (5%) of the sample 
reported nodding off whilst driving during the postpartum period. In addition, even 
though there was a low number of late-night driving journeys, the majority of these 
were associated with high subjective sleepiness. The most prevalent reason for 
driving at night was to meet social commitments.  
Study 3 involved the development of an information-based program designed 
to convey pertinent evidence-based information about postpartum sleepiness, sleep 
and sleepy driving. In light of the current trends towards the increased use of the 
internet when seeking health information, the delivery modality was via computer. 
The program comprised of six modules; the two key modules were Sleep in the 
postpartum period and Driving and sleepiness in the postpartum period. In addition 
to the program, an assessment was developed to measure the mothers’ knowledge of 
(1) postpartum sleepiness and sleep; and (2) sleepy driving. A post-program 
evaluation was also developed and administered pre- and post-program completion 
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to ascertain the mothers’ intention to implement strategies to avoid sleepy driving, as 
well as their self-efficacy with regard to adopting these strategies. A sample of 16 
pregnant mothers participated in Study 3. A key finding from the knowledge 
assessment data included a significant increase in knowledge of sleepy driving risks, 
signs and avoidance strategies. The evaluation data demonstrated that all mothers 
intended to implement sleepy driving avoidance strategies, and were quite confident 
with identifying signs of sleepy driving, as well as confident in considering their 
sleepiness before getting in the car. 
Future research into the prevalence of high sleepiness driving journeys 
undertaken by parents in the postpartum period is merited. Future research could 
further explore cognitions regarding sleepy driving, perceptions of sleepy driving 
safety risk, and investigate driving responsibilities within the household. Aspects of 
this research would be relevant to other people who regularly experience sleep 
fragmentation, particularly those whose sleep is dictated by another person. 
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Chapter 1: Introduction 
1.1. Background to the problem 
Within the first years of life, infants and children depend on others to provide 
the majority of their care needs. In 2011, there were over a million families in 
Australia that included a child under 5 years of age, and 301,600 births during that 
calendar year (Australian Bureau of Statistics, 2011). When babies are first born, 
they do not have a clearly developed or discrete sleep-wake cycle, and their feeding 
needs are more frequent than is experienced by adults. Due to this dependency, key 
adults within their family or close environment need to regularly attend to infants’ 
throughout the night, normally a time of sleep for adults. Inadequate sleep, which 
may take the form of acute sleep loss, chronic partial sleep restriction, or sleep 
fragmentation, has been associated with elevated daytime sleepiness and fatigue. As 
such, in the weeks and months following childbirth a large proportion of women 
report strong feelings of sleepiness and fatigue (Carty, Bradley, & Winslow, 1996; 
Elek, Hudson, & Fleck, 2002; Martell, 2001). 
Within Australia the primary carer role for infants usually falls upon parents, 
and particularly upon mothers. This may be because the female body typically 
demonstrates a physiological ability to produce milk for breastfeeding their infant 
post-birth. The current recommendation provided by the National Health and 
Medical Research Council (2012) is for infants to be breastfed until the age of 12 
months and beyond if desired. Thus, for families choosing to solely or partly 
breastfeed their infant, mothers need to fulfil this role. Due to the ongoing nature of 
infants’ development post-birth, they require regular feeding throughout the day and 
night in the early months of their lives. They also commonly wake through the night 
for non-feeding reasons when another carer could attend to those needs of an infant. 
However, recent statistics suggest that mothers are more likely to remain in the home 
during the postpartum period taking on the larger infant caregiving role, with 
partners more likely to return to work to financially support the family. For example, 
of working mothers in Australia in November 2011, 29% permanently left the 
workforce, and, of those with leave entitlements, 79% took leave shortly before and 
then after the birth of their child (paid and/or unpaid), with the average length of 
leave being 32 weeks. In comparison, even though 81% of partners took leave, 70% 
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of these partners had returned to work within two weeks post-birth (Australian 
Bureau of Statistics, 2013b). 
It is important to consider the organisation of infant care responsibilities within 
families because of the significant and differential impact on mothers’ sleep. 
Inadequate sleep has demonstrated a range of negative effects on general functioning 
and health (Alvarez & Ayas, 2004; Harrison & Horne, 2000). Transient inadequate 
sleep may result in cognitive and behavioural performance decrements on basic 
tasks. This raises a concern about carers of infants undertaking tasks that require 
adequate cognitive and behavioural ability, and the safety risk associated with 
performing these tasks after experiencing inadequate sleep. One specific and 
potentially high-risk task is driving a motor vehicle.   
There is a high reliance on driving in current Australian society, as suggested 
by the 1.7 motor vehicles registered per household in Australia in 2011 (Australian 
Bureau of Statistics, 2013a). Additionally, in 2012, 71% of adults primarily travelled 
by private car to work or to full-time study, with 53% of these people citing lack of 
public transport and 28% citing convenience, comfort, and privacy, as the main 
reasons for travelling in this manner. The potentially more ad hoc nature of journeys 
undertaken by parents during the postpartum period, as well as the additional infant-
related goods to be taken (e.g., prams), could make the abovementioned reasons for 
car travel even more prevalent in this population. Driving requires the cognitive 
ability to make decisions and remain flexible with decisions, particularly adapting to 
the changeable road environment (e.g., speed of traffic and congestion), as well as 
visuo-spatial, perceptual, and reaction time skills (D'apolito, Massonneau, Paillat, & 
Azouvi, 2013). Thus, when these skills required for driving are taken together with 
the performance decrements associated with inadequate sleep, a potential for an 
increased safety risk emerges.  
Recent advances in understanding the processes behind sleepiness, in 
conjunction with a more dynamic and demanding “modern” lifestyle that often acts 
to reduce the amount of sleep obtained by adults, sleepy driving has been brought to 
the forefront of many safety researchers’ minds. Although a number of populations 
that can be characterised by inadequate sleep, such as patients with sleep disorders 
and shift workers, have been the focus of some safety research there has been 
minimal research into the safety risks faced by parents, and particularly by mothers, 
during the postpartum period.  
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The overall goal of the research program presented in this dissertation was to 
reduce the safety risk associated with sleepy driving for mothers during the 
postpartum period. Thus, a key objective to fulfil this goal was to prevent mothers 
from driving while sleepy during the postpartum period. The ideal way to prevent 
postpartum sleepy driving is to reduce the occurrence of postpartum sleepiness, 
which was one focus area within the research program. However, previous research 
has suggested that times of increased sleepiness are inevitable for most mothers 
during this period. Therefore, the program also focused on helping mothers with 
sleepy driving avoidance for times of increased sleepiness. To fulfil the overall aim, 
a mixed method approach was used. Specifically, the methods included qualitative 
assessment, prospective and longitudinal quantitative assessment, and cross-sectional 
quantitative assessment, across two studies. The third study used the findings from 
the previous two studies to inform expectant mothers about sleepiness and sleepy 
driving during the postpartum period and provided strategies to avoid sleepy driving. 
1.2. Defining sleepy driving 
Within road safety literature the terms tired driving, drowsy driving, fatigued 
driving and sleepy driving are often used synonymously. Johns (2007) explains that 
drowsiness and fatigue can be easily distinguished. He describes fatigue as a 
“subjective state of weariness, often with muscle aches or discomfort, emotional 
irritability and a disinclination to continue activities”; whereas he describes 
drowsiness as an “intermediate state between alert wakefulness and sleep” (p. 3).  
Johns distinguishes between fatigued driving and drowsy driving, but 
acknowledges that sleepy is an appropriate synonym for drowsy. Johns also explains 
that drowsy driving is signified by periods where a driver’s senses (e.g., vision and 
hearing) lack awareness about the task at hand. As this research program investigated 
postpartum sleepiness, the choice was made to use the term sleepy driving. This was 
done to maintain consistent terminology throughout, and in turn to aid clarity. 
Therefore, within this research program sleepy driving was defined as driving a 
motor vehicle whilst in a state of reduced alertness and increased sleep propensity. 
1.3. Defining postpartum sleepiness and fatigue 
There has been a lack of consistency regarding the use of the terms sleepiness 
and fatigue as synonyms within the postpartum literature (Insana & Montgomery-
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Downs, 2010; Milligan, Lenz, Parks, Pugh, & Kitzman, 1996; Shen, Barbera, & 
Shapiro, 2006). At present, the term postpartum fatigue is prevalent within the 
literature. Attempts have been made to develop a theory of postpartum fatigue in 
otherwise physically and mentally healthy mothers, however, no one theory is widely 
accepted. Milligan et al.’s (1996) attempt to clarify the concept using a series of 
quantitative and qualitative studies suggests postpartum fatigue is best defined as a 
concept that includes both physical and psychological aspects that are influenced by 
differing variables. Livingstone, Armstrong, Obst, and Smith (2009) found similar 
results from their interviews with mothers at 12 weeks postpartum, suggesting 
discrete cognitive and physical impacts of fatigue. However, Runquist (2007) 
suggests that postpartum fatigue is better described through the manifestation of 
difficulties grouped into four elements: mental, physical, stress-worry, and 
frustration. Thus, the only consensus is that postpartum fatigue appears to be a 
multidimensional concept. It is important to note that while these studies made 
attempts at creating integrative psychological theories of fatigue, none strongly 
addressed potential biological variables impacting on fatigue. 
The duration of these subjective impacts is also contested. Fatigue is often 
experienced during the post-birth period due to the high amount of physical and 
psychological resources used during labour (Gardner, 1991). Following this, whilst a 
mother is recovering from childbirth, she also has the (sometimes new) responsibility 
for caring for her new child. Thus, new mothers may not have many opportunities to 
recover in the early postpartum period. Nevertheless, each woman’s birth and 
postpartum experience is different. While many reports suggest these feelings 
generally occur within the first few months (Bozoky & Corwin, 2002; Milligan et al., 
1996; Troy & Dalgas-Pelish, 1997; Troy & Dalgas-Pelish, 2003), others suggest they 
can last up to 18 months (e.g., Parks, Lenz, Milligan, & Han, 1999).  
The feelings of fatigue described in this body of literature are typically 
attributed to inadequate sleep. Martin and Fiorentino (2013) point out that inadequate 
sleep does not always result in a subjective experience of fatigue, rather it may lead 
to sleepiness. As will be explained in the following literature review, lack of 
adequate sleep can lead to cognitive performance decrements that are a safety 
concern. Therefore, investigations focusing solely on fatigue may exclude potential 
times of safety risk. Additionally, as previous research does not appear to make a 
clear distinction between sleepiness and fatigue, it is possible that feelings of both 
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sleepiness and fatigue were assessed, but reported only as fatigue. Therefore a clear 
distinction between sleepiness and fatigue was made in the present program of 
research, and the main focus was on sleepiness. 
Within the program of research presented in this dissertation, sleepiness and 
fatigue were distinguished by applying the following definitions:  fatigue is defined 
as “a subjective sense of low energy and/or exhaustion”; and sleepiness is defined as 
“a subjective state of feeling the desire to sleep or an objective state of the inability 
to maintain wakefulness” (Martin & Fiorentino, 2013).  
Thus, sleepiness and fatigue are treated as similar but conceptually different 
constructs. That is, feelings of sleepiness may be relieved with a good night’s sleep 
compared to fatigue that involves excessive and persistent feelings of low energy and 
exhaustion. These terms are also consistent with the road safety definitions presented 
in Section 1.2, with sleepiness referring to sleep propensity, and fatigue to exhibiting 
physical signs. The term postpartum is defined as “the state of having recently given 
birth to a child” (Last, 2007). The duration of time investigated within this research 
program was up to seven months post-birth, which is slightly longer than the 
majority of previous studies that intended to focus solely on fatigue. 
1.4. Demarcation of scope 
This thesis focuses on behaviours associated with avoiding sleepy driving that 
mothers could employ in the postpartum period. The Information-Motivation-
Behavioural Skills (IMB) model (Fisher & Fisher, 1992) was utilised within this 
program of research. It was selected due to the focus on an outcome behaviour that 
could be prevented, inclusion of key constructs that inform behaviour change, and 
stages that suit an intervention trajectory. The novel application of the IMB model 
led the research program to focus on the identification of preventative information, 
motivation, and behavioural skills associated with postpartum sleepy driving 
avoidance. Following from this, the research focused on the development and 
evaluation of a program to effectively communicate empirical-based and population-
specific information to expectant mothers.  
Reducing postpartum sleepiness is a key behavioural skill identified for 
avoiding postpartum sleepy driving. Thus, identifying the key factors associated with 
postpartum sleepiness, and in turn, identification of behaviours that may reduce 
sleepiness was one focus within the program of research. The research focused on 
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mothers who undertook the primary caregiving role and did not include family 
members taking on other caregiving roles. Even though literature suggests that 
fathers also experience sleepiness during the postpartum period, the range of factors 
that contribute to their sleepiness are likely to differ from those experienced by 
mothers, and investigation of these were beyond the scope of this program. 
The postpartum sleepiness literature frequently overlaps with the infant sleep 
literature. However, this research program did not investigate infant sleep settling 
techniques or other infant-focused aspects, such as sleeping arrangements and the use 
of sleeping accessories (e.g., sleeping bags, white noise devices etc.). Identifying 
contributing factors exhibiting direct relationships with postpartum sleepiness were 
within the scope of the research; behaviour associated with infant settling was 
outside of this focus.  
The information program developed was population-specific in nature, in line 
with the IMB model approach, and as such would be inappropriate to generalise 
widely beyond the population in focus. In addition, driving laws and norms as well 
as sleep and childrearing can differ greatly between countries and cultures. As this 
research was focused within Australia, the real world application of the research is 
mainly appropriate within Australia and other culturally similar countries. However, 
some general principles may be extracted for other populations.  
1.5. Thesis outline 
This thesis has ten chapters that document the program of research. Chapter 1 
offers an introduction to the research gap that will be addressed within the thesis. 
Chapter 2 provides a review of the literature regarding postpartum sleepiness, 
including performance decrements following sleepiness and sleepy driving. In 
addition, a review of the current knowledge regarding sleepy driving, including 
assessment of effective avoidance strategies is provided.    
Chapter 3 explains the theoretical background and design of the research 
program. The methods chosen to measure the variables of interest are explained and 
justified. The theoretical approach adopted to guide the research program (i.e., the 
IMB model) is explained. The research aims, questions and three studies are 
described in detail.  
Chapters 4 and 5 describe Study 1, an in-depth prospective assessment of 
mothers’ sleepiness, sleep, and driving at four time points across the first six 
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postpartum months. The mothers were also interviewed at two time points to discuss 
their driving behaviour, as well as to uncover their perceptions of the factors 
contributing to their sleepiness and the impacts of their sleepiness. A thematic 
analysis of this qualitative data is the focus of Chapter 5. 
Chapters 6 and 7 describe Study 2, a cross-sectional study investigating 
mothers’ sleepiness, sleep, and driving. This questionnaire was developed using the 
findings from Study 1 in an endeavour to identify if the findings could also be 
identified within a larger sample. Chapter 6 focused on the driving data and assessed 
driving frequency, time of day, and sleepiness level. Also a series of repeated 
measures analysis of variance (ANOVA) analyses compared the perceived 
effectiveness, willingness to use, and actual usage of a list of countermeasures to 
sleepy driving. Chapter 7 focused on the sleep and sleepiness data. As such, 
correlations were used to identify the key factors related to sleepiness. 
Chapters 8 and 9 focus on the development and initial application of the 
information program designed to inform perinatal mothers of postpartum sleepiness 
and sleepy driving, with a key focus on delivering evidence-based and population-
specific information. Chapter 8 is devoted to explaining the development of the 
information program, particularly the content included. Chapter 9 describes the 
knowledge improvement and program acceptability in a pilot sample of expectant 
mothers who completed the program.  
Chapter 10 presents a discussion of the key findings of the current program of 
research, specifically relating to the research aims and questions, as well as 
limitations of the research. Further discussion considers the desired next steps to 
advance the real world application of the information program developed, 
particularly in the context of the current technologically advancing world.  
1.6. Chapter summary 
The postpartum period is typically a time of inadequate sleep for mothers and 
in turn increased levels of sleepiness, resulting in potentially greater risk of injury 
when performing safety-sensitive tasks such as driving. Thus, this research program 
focused on reducing this risk by focusing on the preventative health behaviour of 
avoiding sleepy driving.  
The primary objective of this research was to identify factors associated with 
sleepiness, driving and sleepy driving within the population of postpartum mothers. 
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This was addressed in a theory-driven manner by identifying preventative 
information, motivation and behavioural skills associated with avoiding sleepy 
driving for mothers during the postpartum period. The secondary objective was to 
use the data to develop and evaluate an intervention that targeted sleepy driving 
avoidance during the postpartum period. The following chapter will present a review 
of the literature that informed the development of the present program of research. 
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2.1. Overview of postpartum sleepiness prevalence and duration 
Sleepiness and fatigue are commonly reported by mothers in the postpartum 
period; and published research reports higher levels of sleepiness and fatigue in the 
postpartum population compared to the general population. Insana and Montgomery-
Downs (2013) identified that mothers experienced greater sleepiness during the 
postpartum period (mean of 7 weeks postpartum) when compared with a control 
group. Sleepiness and fatigue may also be greater for mothers during the postpartum 
period than during pregnancy. Gay, Lee, and Lee (2004) assessed fatigue late in 
pregnancy and in the early postpartum period (M = 19.6 days postpartum) and found 
the majority of the mothers’ fatigue ratings were higher postpartum. Elek et al. 
(2002) also found that fatigue was greater for mothers at four weeks postpartum than 
in the last month of pregnancy.  
The duration of the common experience of postpartum sleepiness and/or 
fatigue is challenging to determine because the studies differ in the selection of 
assessment time points as well as the assessment tools used. Early research in this 
field by Gardner (1991) surveyed mothers on three occasions during the early 
postpartum period (2 days, 2 weeks, and 6 weeks) using the Rhoten fatigue scale. 
This scale obtains a subjective rating from respondents on a one-item Likert scale 
from (1) not tired to (10) total exhaustion. The researchers concluded that the 
mothers were mildly fatigued, with mean ratings of 4.60, 3.96, and 3.51 respectively. 
Based on the axis labels for this scale, the conclusion that the mothers were mildly 
fatigued could be questioned, as an alternative conclusion is that the mothers 
exhibited sleepiness instead.  
Dennis and Ross (2005) found 42.1% of mothers in their sample often felt tired 
at four weeks postpartum, which reduced to 36.3% at eight weeks postpartum. This 
was a large study (N = 505); however, it only used a single item to elicit ratings from 
mothers on how often they felt tired or fatigued. These findings suggest that 
sleepiness and fatigue may reduce over time for some mothers but is enduring for 
others; however, this assessment did not make a clear distinction between sleepiness 
and fatigue, and did not provide a comprehensive assessment of either. Other studies 
focusing on fatigue have indicated that it may remain stable across the postpartum 
period, at least in the mid-term. Rychnovsky and Hunter (2009) found that fatigue, as 
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measured by the 30-item Fatigue Continuum Form, did not significantly change from 
two to six weeks postpartum. Elek et al.’s (2002) study, using the 13-item fatigue 
subscale of the Visual Analog Fatigue Scale, found that fatigue did not significantly 
change from 4 to 16 weeks postpartum.  
There have also been qualitative assessments undertaken to investigate 
postpartum sleepiness and fatigue. As no quantitative sleepiness scale has been 
consistently used with this population, qualitative assessments may provide some 
valuable insights into the experience. For example, Livingstone et al.’s (2009) study 
of mothers at 12 weeks postpartum uncovered a distinction between sleepiness and 
fatigue in the mothers’ views. Interestingly, the mothers identified the negative 
impacts of fatigue, but it is unclear whether they identified the negative impacts of 
the less severe feelings of sleepiness. As sleepiness can also result in performance 
decrements, further qualitative research may provide some insight into mothers’ 
understanding.  
Overall, mothers in the postpartum period appear to experience sleepiness at a 
greater level than does the general population and at a greater level than during 
pregnancy. However, due to the varying assessment methods the prevalence and 
duration of postpartum sleepiness is unclear. In order to gain a proper understanding 
of postpartum sleepiness and, in turn, how it could potentially be reduced, 
determinants of sleepiness will be explained in Section 2.2, followed by the 
biological factors associated with postpartum sleepiness in Section 2.3, and then the 
psychosocial factors in Section 2.4. A review of the present literature regarding 
sleepiness and driving is provided in Section 2.5, which includes a description of the 
common precursors to sleepiness and the associated performance decrements. A 
review of the present literature regarding postpartum education is presented in 
Section 2.6. The gaps identified within the sleepy driving, postpartum sleepiness, and 
postpartum education literature are highlighted in Section 2.7. 
2.2. Determinants of sleepiness 
 The majority of research investigating adult sleepiness has focused on the 
biological determinants of sleepiness, which typically involves a discrepancy 
between desired sleep and the reality of obtaining inadequate sleep. Therefore to 
describe this discrepancy, typical adult biological sleep processes are described in 
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Section 2.2.1., followed by descriptions of the typical patterns of inadequate sleep 
experienced by adults in Section 2.2.2.  
2.2.1. Adult biological sleep processes 
Sleep is a naturally occurring state in humans that is characterised by the 
slowing of many bodily functions and is observed as a state of restfulness. Carskadon 
and Dement (2005) define sleep as “a reversible behavioural state of decreased 
responsiveness and interaction with the environment” (p. 13). The exact function that 
sleep serves is still contested. Theoretical suggestions for the functions of sleep range 
from a key role in conserving energy, to a role in restoring functioning of the mind 
and body, and also a role in consolidating memories and learning. Even though the 
exact function of sleep is still unclear, the negative effects of insufficient sleep have 
been well documented, and will be addressed in Section 2.5.1.  
Ideal sleep for adults comprises obtaining an adequate amount of sleep in one 
sleep period across the night, with some arousals but not awakenings. However, 
many adults do not obtain sleep that meets this description. Research has focused on 
identifying the biological processes that dictate the daily sleep-wake cycle, which 
largely determine when a person feels sleepy. There are two key biological processes 
that interact to encourage people to sleep; these processes are the circadian rhythm 
(body clock) and the homeostatic pressure to sleep (sleep drive). These processes 
were described by Borbély (1982) in the two-factor model of sleep, a model which 
has been widely applied in sleep research. Subsequently, further research identified 
other factors that also impact sleep timing, such as prior sleep, motivation, and 
opportunity. While the contribution of these additional factors is acknowledged, the 
focus of this literature review is on the circadian rhythm and sleep drive.  
2.2.1.1. Circadian rhythm 
Humans’ sleep-wake cycle, as well as core body temperature, hormonal 
secretion, and other biological processes vary on a daily cycle, which are dictated by 
the body’s circadian rhythm. The endogenous circadian pacemaker (located in the 
suprachiasmatic nucleus of the hypothalamus) generates these daily rhythms (Colten 
& Altevogt, 2006). If left to naturally occur, human circadian rhythms display an 
average cycle length slightly longer than 24 hours (Carskadon, Labyak, Acebo, & 
Seifer, 1999; Czeisler et al., 1999). The natural environment provides signals that 
help entrain human circadian rhythms to 24 hours, with light providing the primary 
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entrainment signal (known as a zeitgeber). Light information travels from the retina, 
through the monosynaptic pathway to the suprachiasmatic nucleus. In sum, the 
environment surrounding humans strongly influences biology, with light providing 
the greatest influence on the circadian rhythm.  
Researchers have demonstrated that the sleep-wake cycle, core body 
temperature, and hormonal circadian rhythms closely parallel each other. These 
processes act together to produce increasing alertness after waking in the morning, a 
slight reduction in alertness in the middle of the afternoon followed by increased 
alertness in the late afternoon and early evening, and reduced alertness in the evening 
which usually results in sleep (Van Dongen, Bender, & Dinges, 2012). Core body 
temperature also displays a reduction in the late afternoon, is at its lowest level in the 
middle of the night-time sleep period in the morning hours, and appears to rise before 
habitual waking time (Krauchi, 2002). Melatonin, which assists with inducing sleep, 
reaches its maximum level just before the lowest core body temperature is reached 
(Cagnacci, Krauchi, Wirz-Justice, & Volpe, 1997).  
Human circadian rhythms can be shifted or reset to a new time, which may be 
desirable (e.g., when changing time zones) or undesirable (e.g., difficulty sleeping at 
night when sleep is wanted). Many studies have demonstrated this process of phase 
shifting (e.g., Gronfier, Wright, Kronauer, Jewett, & Czeisler, 2004). Zeitgebers have 
been administered at different points of the circadian cycle and their influence on 
phase assessed. Phase response curves (PRCs) are used to describe the relationships 
between zeitgebers, circadian rhythms and phase shifting (e.g., Khalsa, Jewett, 
Cajochen, & Czeisler, 2003). The direction and magnitude of phase shifts depend on 
the point at which the zeitgeber is administered. A human PRC demonstrates that 
when there is light exposure towards the end of the day and beginning of the night, 
phase delays can be seen (Gronfier et al., 2004). Alternatively, phase advances are 
seen when humans are exposed to light towards the end of the night and beginning of 
the day. Light exposure in the middle of the day produces minimal phase shifting. It 
has been demonstrated that the greatest sensitivity to light occurs at night, when light 
exposure is typically low (and prior to artificial lighting, very rare). The effect of 
light exposure on a person’s circadian rhythm depends on a number of factors in 
addition to timing, such as the intensity, wavelength, duration, and prior light 
exposure history. 
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Additionally, the exogenous administration of melatonin has displayed phase 
delays, when administered in the later hours of sleep and in the morning, and phase 
advances, when administered in the afternoon and early evening. This is not 
surprising as melatonin levels are usually low during the day, and then rapidly rise in 
the evening (Benloucif et al., 2005). They tend to remain high during the night, and 
then sharply decline before dawn. Additionally, light suppresses melatonin secretion, 
and thus could also result in phase shifting. However, this suppression may, in part, 
be dependent on the colour of the light, with the suggestion that sensitivity is greatest 
with blue light.  
Bennett, Alpert, Kubulins, and Hansler (2009) suggested that mothers feeding 
infants at night, who are likely to have light exposure throughout the night, are likely 
candidates for disrupted circadian rhythms. This is suggested because light has been 
shown to suppress melatonin secretion, and the secretion is important for inducing 
sleep. Thus, if a mother has a reduced amount of melatonin, due to light suppressing 
its secretion, she is likely to have difficulty sleeping. The reduced amount of 
melatonin is of concern for its impact on the mother’s sleep, and may also impact her 
infant’s sleep development. Mothers pass on hormones to their infants in breast milk, 
including melatonin that displays a circadian curve with the levels present in breast 
milk (Engler, Hadash, Shehadeh, & Pillar, 2012; Illnerová, Buresová, & Presl, 1993). 
Therefore, it is plausible that a mother experiencing melatonin suppression may not 
be passing on this biological cue that may assist with their infant’s sleep 
development. 
2.2.1.2. Sleep homeostatic drive 
Another major process that regulates sleep is the homeostatic pressure for 
sleep, also referred to as the sleep homeostatic drive. This drive is a physiological 
process that appears to be linear and cumulative across the time a person is awake 
(Borbély, 1982). Thus, as the time spent awake increases, a person’s sleep drive 
increases, their need for sleep increases, and in turn their sleepiness increases. In an 
ideal situation a person’s sleepiness levels would increase over the course of a day 
and result in ease of sleeping at night. Sleeping (or napping) relieves the pressure to 
sleep and alertness is restored.   
In summary, sleepiness is influenced by the length of time a person is awake 
and their sleep-wake cycle. Humans’ natural sleep-wake cycle is entrained to a 24 hr 
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rhythm, primarily by light. Notably, circadian rhythms can be shifted to be advanced 
or delayed, by exposure to light or exogenous administration of melatonin. Melatonin 
is a hormone that is released in the body to induce sleep but light exposure can 
suppress the release. Melatonin also gets passed from mothers to infants in breast 
milk, suggesting it can assist with inducing sleep in infants. Thus, breastfeeding 
mothers could help their infants by ensuring their melatonin release is not suppressed 
when feeding at night. 
2.2.2. Typical patterns of inadequate sleep 
While most people sleep between 7 and 9 hours a night, there are differences in 
the amount of sleep each individual habitually requires (Wilson & Nutt, 2008). There 
are also general patterns of sleep loss or inadequacy, and various ways that people 
may not get their ideal sleep. The most prevalent patterns of inadequate sleep for 
adults are acute sleep loss, chronic partial sleep restriction and sleep fragmentation.  
A review of research studies investigating these inadequate sleep patterns and 
neurobehavioural performance is presented in Section 2.5.1.  
Acute sleep loss (also commonly described as sleep deprivation) is a single 
occurrence of a person’s wake period extending into the time when they would 
usually be asleep (Cohen et al., 2010). In this situation people try to function at a 
time of the day when their circadian rhythm and sleep homeostatic drive indicate low 
levels of alertness. In addition, they do not have the opportunity to reduce their sleep 
homeostatic drive for this specific night, and are likely to experience high levels of 
sleepiness the following day. In this situation people may get the opportunity to 
recover from the acute sleep loss over the following night(s). 
Another common pattern of inadequate sleep is chronic partial sleep 
restriction. This situation occurs when a person consistently obtains less than their 
ideal amount of sleep, perhaps for days or weeks on end (Cohen et al., 2010). This 
situation disrupts the same sleep processes as acute sleep loss; however, a person 
may consistently function at times of low alertness in line with their circadian rhythm 
(e.g., late at night); and they do not provide consistent opportunities for their sleep 
homeostatic drive to deplete. 
Sleep fragmentation is also another common pattern of inadequate sleep. In this 
situation a person may or may not obtain their desired duration of sleep, but the sleep 
they do receive is fragmented into a number of sleep periods rather than one sleep 
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period. This type of inadequate sleep is typically experienced by people with sleep 
disorders such as Obstructive Sleep Apnoea and Upper Airway Resistance Syndrome 
(e.g., Philip, Stoohs, & Guilleminault, 1994). When a person experiences sleep 
fragmentation, they do not obtain the consolidated sleep period across the night that 
allows their sleep drive to diminish. Additionally, if people try to perform tasks 
during their night wakings, they are doing these tasks when their circadian rhythm 
indicates low levels of alertness. Sleep fragmentation is typically experienced by 
mothers in the postpartum period who are taking on the primary caregiver role for 
their infant (Insana, Garfield, & Montgomery-Downs, 2014).   
2.3. Postpartum sleepiness: Biological factors 
This research program focused on mothers who take on the primary caregiving 
role for their infants. Due to the dependency of infants, mothers taking on this role 
need to attend to their infants when they need to be fed or soothed. The majority of 
research that has assessed postpartum sleepiness has focused on infant sleep because 
of the direct relationship between infant sleep and mothers’ sleep (e.g., Hunter, 
Rychnovsky, & Yount, 2009). Thus, infant sleep development will firstly be 
explained in Section 2.3.1. and then typical maternal postpartum sleep will be 
described in Section 2.3.2.  
2.3.1. Infant sleep development 
Polysomnography (PSG) uses a number of parameters to assess sleep, 
including electroencephalogram (EEG), and electrocardiogram (ECG), and is 
typically conducted within a laboratory setting (Rundo, 2014). Polysomnography has 
indicated that sleep states of infants look different to adult sleep states (Davis, 
Parker, & Montgomery, 2004). Adult sleep is characterised by four sleep stages that 
comprise non-rapid eye movement (NREM) sleep and the stage of rapid eye 
movement (REM) sleep (Carskadon & Dement, 2005). Physiologically, when a 
person is experiencing NREM sleep there is a slowing and reducing of processes, 
which brings the body to a calm and restful state. During REM sleep, autonomic 
activity increases, while muscle movement appears inhibited. Thus, the brain is 
active, but the body is not moving. In newborns, two main sleep states have been 
identified as quiet sleep and active sleep (Davis et al., 2004). Times when these two 
sleep states are not identifiable are labelled indeterminate sleep. Quiet sleep is often 
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described as an equivalent to adult NREM sleep, and active sleep is often described 
as an equivalent to adult REM sleep. During their sleep, newborns are reported to 
experience active sleep 60% of the time (Kelmanson, 2006).  
Upon being born, infants start the maturation process of entraining their sleep-
wake cycle. Garcia, Rosen, and Mahowald (2001) point out that the foetal circadian 
rhythms rely on internal zeitgebers, whereas the newborn has exposure to external 
zeitgebers, particularly light. It has been reported that infants’ circadian sleep-wake 
rhythm has already begun to take shape by the third week of life (Nishihara, 
Horiuchi, Eto, & Uchida, 2002). Rivkees’s (2007) review of the literature on infant 
sleep-wake rhythm maturation concluded that the day-night rhythms of activity and 
hormone secretion appear to be developing between 1 and 3 months of age. It has 
been reported that the 24-hour core body temperature rhythm is apparent at 1 month 
of age, and melatonin and cortisol begin cycling in a 24-hour rhythm at 3 months of 
age (Jenni & Carskadon, 2005). Consistent exposure to light-dark environmental 
time cues in the early months of life could aid the development of the sleep-wake 
rhythm.  
Recio, Miguez, Buxton, and Challet (1997) identified common practices by 
caregivers that present conflicting time cues to newborns. Examples of conflicting 
time cues are exposure to light when feeding at night, and being placed in a dark 
room whilst sleeping during the day. The external environment has a strong influence 
on circadian rhythm entrainment, and a newborn’s external environment is in the 
most part determined by their primary caregivers. Therefore, these primary 
caregivers have an extremely influential role in providing an environment that could 
assist in entraining the newborn’s circadian rhythm (Tsai, Barnard, Lentz, & 
Thomas, 2009). As well as assisting with entraining the circadian rhythm, routines 
could also provide regular homeostatic sleep drive information to the infant. 
Infants are asleep for a large portion of the day, with sleep time gradually 
decreasing to adult levels with age. Over a 24 hour day, Lee-Chiong (2010) reports 
total sleep time as approximately 16-17 hours at birth, reducing to 14-15 hours by 16 
weeks, and further reducing to 13-14 hours by six to eight months of age. Galland, 
Taylor, Elder, and Herbison (2012) conducted a systematic review of observational 
studies examining infant sleep. They conducted analyses on data reporting quantity 
of daily sleep, night awakenings, sleep latency, longest daily sleep and number of 
naps during the day. Overall, there was large variability in sleep duration between 
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infants, but an overall decline in sleep duration from one month to six months of age 
of approximately 10 minutes per month. 
Even though infants sleep for a large portion of the day, they only sleep for 
short periods due to their need to feed regularly (Thomas & Foreman, 2005). As 
infants develop their feeding needs become less regular and thus they can sleep for 
longer. Previous research has attempted to determine typical development 
milestones, such as the typical longest sleep period experienced at various ages. 
Galland et al. (2012) suggest that the longest sleep period increases by 39 minutes 
per month from one to six months of age. Henderson, France, Owens, and 
Blampied’s (2010) review of the literature found that at one month of age, infants 
experience average longest sleep periods between 3 and 4.5 hours, and at two months 
of age the average longest sleep period was 6.2 hours. Overall, throughout an infant’s 
development their longest sleep periods increase, and their sleep duration across the 
24-hour day reduces.  
Another important maturational development is an infant’s ability to 
consolidate their sleep away from daytime sleep episodes and towards sleep in the 
nocturnal hours. Lee-Chiong (2010) reports that over the first six months sleep 
consolidates during nocturnal hours. Also by six months, it has been suggested that 
night-time sleep constitutes two sleep periods that are often divided by a night-time 
feed (Anders, Sadeh, & Appareddy, 1995). Henderson et al. (2010) investigated the 
consolidation of infant night-time sleep across the first year of life. They suggest that 
the most rapid consolidation of self-regulated sleep occurs in the first four months. 
They used three criteria to investigate infants’ developmental capabilities of 
“sleeping through the night” that were considered to be socially meaningful. 
Criterion 1 was uninterrupted sleep between midnight and 5 am, Criterion 2 was 
uninterrupted sleep for eight hours at night, and Criterion 3 was uninterrupted sleep 
between 10 pm and 6 am. Infants took significantly longer to achieve Criterion 3 
than Criterions 1 and 2, and almost a third of the infants did not meet Criterion 3 in 
the first year of their lives.  
In sum, infants typically sleep for short periods of time and during times across 
night and day, in comparison to typical adult sleep. This inconsistency between 
normal developmental needs of an infant and habitual sleep of mother provides an 
environment that may lead to irregular, insufficient and fragmented maternal sleep. 
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2.3.2. Maternal postpartum sleep 
The sleep patterns of many women change dramatically from pre-conception to 
post-birth (Gay et al., 2004; Swain, O'Hara, Starr, & Gorman, 1997). Gay et al. 
(2004) studied the sleep patterns and fatigue levels of couples in the last month of 
pregnancy and the first month postpartum. Both mothers and fathers wore wrist 
actigraphy for 48 hours as well as completing the General Sleep Disturbance Scale at 
the two assessment points. During the postpartum assessment, there was notable 
variation in the total sleep time experienced by mothers at night (SD = 76.8 minutes). 
Actigraphy demonstrated that both mothers and fathers experienced night-time sleep 
fragmentation postpartum, with mothers affected to a greater extent. On average, 
mothers slept 40 minutes less during the night post-birth than they did during 
pregnancy. By contrast, another study by Bei, Milgrom, Ericksen, and Trinder (2010) 
made comparisons of sleep patterns in the latter stages of pregnancy and early in the 
postpartum period and suggested that the total amount of sleep did not significantly 
change; however, during the postpartum period sleep was more fragmented, sleep 
efficiency was lower, and sleep disturbance was higher.  
This change in sleep experienced in the postpartum period, that is less sleep 
and/or more fragmented sleep, has been mainly attributed to the strong relationship 
found between infant and maternal postpartum sleep. Sinai and Tikotzky (2012) 
assessed both infant and maternal sleep variables at 4 to 5 months post-birth. The 
researchers found a mean number of night wakings for infants of 2.65 (SD = 1.44) 
per night, and 2.88 (SD = 1.43) mean wakings per night for mothers, with a strong 
relationship found between these variables (r = .82). Additionally, a strong 
relationship was found between mothers’ duration of night-time wakefulness and 
infants’ duration of night-time wakefulness (r = .86). Insana and Montgomery-
Downs (2013) conducted a study assessing postpartum parents’ nocturnal caregiving, 
with the average age of the infants being 6.93 weeks. The average number of 
nocturnal wakings for mothers was 2.9 wakings, and were reported to be triggered by 
their infant two-thirds of the time. These two recent studies indicate a high level of 
fragmentation in maternal postpartum sleep, as well as night-time wakefulness, 
which appears to be primarily due to caring for their infant. This high level of sleep 
fragmentation has also been reported in Dennis and Ross’s (2005) large study (N = 
505) that found approximately one quarter of the mothers reported that at 4 weeks 
postpartum their infant woke three times or more between 10 pm and 6 am.  
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Other research has found that while a large number of mothers obtain a similar 
total amount of sleep to the general population, their sleep patterns look dissimilar 
(e.g., Swain et al., 1997). A study using actigraphy to objectively measure sleep 
during postpartum weeks 2 to 16 found that the mothers slept an average of 7.2 hours 
at night, with no great change throughout the period, but their sleep was highly 
fragmented and inefficient (Montgomery-Downs, Insana, Clegg-Kraynok, & 
Mancini, 2010). In another study comparing parents in the postpartum period with a 
control group, the researchers found that mothers actually had more sleep than their 
partners, although the mothers’ sleep was more fragmented (Insana & Montgomery-
Downs, 2013). There was notable variation within sleep variables of the postpartum 
mothers, for example the mean nocturnal total sleep time was 412.8 minutes (6.9 
hours) with a standard deviation of 39.3 minutes. The common reports of sleepiness 
and fatigue during the postpartum period, may not only be linked to reduced sleep 
but also to fragmented sleep.  
As mothers often experience highly fragmented sleep, subjective reports of 
their sleep may not be very accurate, and objective measurement may provide a more 
accurate assessment. Insana, Stacom, and Montgomery-Downs (2011) conducted a 
study with mothers by measuring subjective evaluations of sleepiness and fatigue as 
well as using actigraphy to objectively measure actual sleep. Based on their results, 
the researchers suggested that the subjective and objective measures of sleep are 
associated with different aspects of daily functioning. That is, fatigue (as measured 
by the Visual Analogue of Fatigue Scale; Monk, 1989) was consistently associated 
with subjectively reported sleep quality, and sleepiness (as measured by the Epworth 
Sleepiness Scale; Johns, 1991) was consistently associated with objectively 
measured total sleep time. Therefore, it appears that there needs to be further 
research conducted on the impact sleepiness and fatigue have on mothers’ daily 
functioning, with mothers’ sleep measured on both subjective and objective 
dimensions. 
Overall, the current research on maternal postpartum sleep suggests that 
maternal postpartum sleep differs from mother to mother. As evidenced by numerous 
studies reporting frequent night wakings, the majority of mothers appear to 
experience some degree of sleep fragmentation. Some mothers may not experience 
any sleep loss greater than the amount of sleep they obtained pre-birth. However, 
others may experience acute sleep loss if their infant needs attention for extended 
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periods of time during the course of a night. Additionally, some mothers may 
experience chronic partial sleep restriction if their need to attend to their infant cuts 
into their ideal sleep time night after night.  
Suggestions in the literature to address the issue of sleep loss or disruption 
include encouraging mothers to nap during the day or “sleep when your baby 
sleeps”, to compensate for sleep lost during the night (Mindell & Owens, 2003). 
However, reports from new mothers early in the postpartum period indicate that they 
do not sleep for long periods at night or during the day because of the variability in 
the frequency, timing, and length of the infant’s sleep (Martell, 2001). These 
biological factors are not the only factors contributing to mothers’ sleepiness in the 
postpartum period. The need to complete day-to-day tasks such as care for other 
children, meal preparation or washing of clothes may reduce (or diminish) a mother’s 
ability to sleep during the day. This leads to consideration of psychological, social, 
and behavioural factors that may contribute to sleepiness in the postpartum period.  
2.4. Postpartum sleepiness: Psychosocial factors  
2.4.1. Maternal cognitions about sleep 
As previously identified, the greatest factor influencing mothers’ night-time 
sleep is the care they are providing to their infant at night (Insana et al., 2014). 
Therefore, there is a need to understand what mothers’ beliefs are cognitions are, and 
how they respond behaviourally to those factors.  
There is a growing body of research investigating infant sleep problems due to 
the high number of parents concerned about their infant’s sleep development (e.g. 
France & Blampied, 1999; Meijer, 2011; Sadeh & Anders, 1993; Sadeh, Mindell, & 
Owens, 2011). For example, Sadeh and Anders (1993) state that infant sleep 
problems are the most common complaints made by parents to paediatricians. Most 
parents would like their infants to “sleep through the night” at the youngest 
biologically appropriate age, so that they get the chance to obtain their own ideal 
sleep at night. However, as previously explained, sleep is not solely a biologically 
driven process and infants do not simply sleep through the night when they are 
developmentally capable. Also, Henderson et al. (2010) point out that in order to 
gain a proper understanding of infant sleep development that leads to sleeping 
through the night, there needs to be criteria that has developmental validity. That is, 
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the infant’s biological sleep duration capabilities as well as their behavioural sleep 
regulation capabilities need to be considered.  
Sadeh, Flint-Ofir, Tirosh, and Tikotzky (2007) point out that the cognitions 
parents hold about infant sleep have seldom been investigated. Specifically, the 
questions of whether expectant mothers have realistic conceptualisations of infant 
sleep, or about level of sleep fragmentation commonly experienced in the postpartum 
period remain. It may be important for mothers to gain an understanding of the 
development of infants’ sleep-wake cycle and in turn hold developmentally 
appropriate expectations of infant sleep. This would inform mothers of the level of 
sleep fragmentation they may experience and allow them to prepare for sleep 
fragmentation. Additionally, it may be beneficial to investigate techniques that may 
assist infants with entraining their sleep-wake cycle due to it being under-developed 
at birth.  
2.4.2. Maternal social responsibilities 
Mothers function within a social environment, with immediate family members 
such as partner and children being most proximal. The most relevant responsibility to 
postpartum sleepiness determined within a mothers’ social environment is that of 
attending to their infant at night. However, infants wake for other reasons, 
particularly those closer to six months of age, which provides opportunities for others 
to offer nocturnal care. Mothers typically take on this nocturnal caregiving role to a 
greater extent than their partners. For example, Insana et al.’s (2014) study 
investigating parents’ nocturnal wakings conducted comparisons between mothers 
and fathers. The researchers concluded that the mothers of the infants (Mean age = 
6.93 weeks) were undertaking the majority of the night-time care of their infant, as 
shown by greater number of awakenings and awakenings being initiated by the 
infant.  
Even though the postpartum period is a very demanding time for new mothers 
with the care for their infant, other day-to-day tasks do not disappear. There has been 
a small amount of research conducted to identify the social responsibilities 
postpartum mothers undertake. Darvill, Skirton, and Farrand (2010) conducted a 
qualitative study that provided some insight. Some mothers within the study 
discussed their happiness with accepting support from their mother or mother-in-law, 
with their preference for this help to be with household tasks such as housework or 
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cooking. Another study that conducted interviews with mothers in the postpartum 
period suggested that improving accessibility of practical support for around the 
house could ease the day-to-day challenges of mothers in the early postpartum period 
(Razurel, Bruchon-Schweitzer, Dupanloup, Irion, & Epiney, 2011). These findings 
suggest that mothers are still undertaking household tasks in addition to caring for 
their infant. 
These aforementioned studies have suggested that postpartum mothers may 
appreciate being relieved of some of their general household responsibilities, which 
in turn may provide them with opportunities to reduce their sleepiness. However, 
these suggestions have been alluded to within qualitative research studies that have 
had other primary foci. To date there does not appear to be any quantitative 
assessments of how much mothers are doing around the house or for the family 
generally, other than caring for their infant. Therefore, conducting quantitative 
assessments in this area would fill this gap. Overall, further investigation is required 
to identify what key factors within a mother’s social environment may contribute to 
increased sleepiness in the postpartum period.  
2.5. Sleepiness and driving 
It has been suggested that fatigue is the largest recognisable and avoidable 
cause of incidents in transport operations (Åkerstedt, 2000). There is a range of 
terminology used to identify inadequate sleep and driving: fatigued driving, drowsy 
driving, tired driving, and sleepy driving. This range of terminology essentially 
encompasses crashes after falling asleep at the wheel, as well as performance failure 
as a consequence of sleepiness. In order to gain an understanding of such a serious 
safety concern, the performance decrements experienced with sleep loss will be 
described in 2.5.1, and discussion of how and why sleepy driving occurs in Section 
2.5.2. Research investigating sleepy driving prevention and countermeasures is 
discussed in Section 2.5.3. 
2.5.1. Performance decrements 
To gain an understanding of how driving performance may be impacted when 
sleepiness is elevated, we need to turn to sleep loss studies investigating performance 
on more basic tasks.  
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2.5.1.1. Acute sleep loss 
In order to investigate the effects of a lack of sleep, research has historically 
focused on naturalistic or experimental total sleep deprivation, or acute sleep loss 
(e.g., Kollar et al., 1969). In typical acute sleep loss studies, participants are brought 
into laboratories and not allowed to sleep for specified periods of time (e.g., 
Baranski, 2007; Lamond & Dawson, 1999; Tucker, Whitney, Belenky, Hinson, & 
Van Dongen, 2010), such as 48 to 72 hours, and assessed with measures relevant to 
the study’s variables. Consistent detrimental effects on performance on a range of 
behavioural tasks were demonstrated in a meta-analytic investigation conducted by 
Koslowsky and Babkoff (1992). 
More recently, Tucker et al. (2010) conducted a carefully controlled total sleep 
deprivation study with ongoing behavioural monitoring of 23 healthy adults. The 
researchers reported that acute sleep loss up to 51 hours demonstrated significantly 
slower reaction times, decreased accuracy and increased errors on basic cognitive 
tasks. Notably, even one full night of acute sleep loss has been reported to result in 
slower reaction times and larger lapses on the psychomotor vigilance test among 
healthy young adults (Franzen, Siegle, & Buysse, 2008).  
Over the last few decades, some researchers have attempted to quantify the 
level of impairment caused by total sleep deprivation with a comparison to other 
behavioural indicators that are easier to measure. Blood alcohol concentration (BAC) 
has been chosen as the comparison by some researchers (e.g., Dawson & Reid, 
1997), likely due to the ease of assessment. Additionally, due to the legislation in 
many countries regarding BAC and the operation of vehicles, it is an appropriate 
comparison to determine whether the performance of sleep deprived individuals is 
possibly worse than alcohol impaired individuals. Within Queensland, Australia, the 
legal BAC for open driver’s licence holders is 0.05% (Queensland Government, 
1995). 
Dawson and Reid (1997) conducted a study comparing the effects of sleep 
deprivation and alcohol consumption on an unpredictable tracking task. The results 
indicated that after 17 hours of continual wakefulness, performance on the tracking 
task decreased to a level of impairment identified at a BAC of 0.05%. Additionally, 
after 24 hours the performance decrement was at the same level as a BAC of 0.10%. 
These findings are concerning, as it is possible that some people could be awake for 
17 or 24 hours and performing tasks requiring similar cognitive capacities assessed 
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in the tracking task, such as a person waking up at 6 am and remaining awake until 
11 pm, and then driving a vehicle. The findings from this study are consistent with 
findings from other studies employing the same comparison (e.g., Williamson & 
Feyer, 2000). 
A study conducted by Lamond and Dawson (1999) raised similar concerns. 
These researchers compared performance after sleep deprivation and alcohol 
consumption on a standardised computer-based test battery. The results demonstrated 
that the same level of impairment was displayed at a BAC of 0.10% and 
approximately 20-25 hours of wakefulness on four aspects of the tasks (i.e., 
grammatical reasoning response latency, vigilance accuracy, vigilance response 
latency, and tracking accuracy). The researchers report that the more complex 
performance aspects assessed in this study displayed greater detriments than the 
simpler performance aspects.  
In summary, a large amount of research has reported performance detriments 
following acute sleep loss. As little as one night sleep deprivation has demonstrated 
deficits on basic cognitive tasks. Alarmingly, 17 hours of sleep deprivation has 
demonstrated performance decrements equivalent to that of a BAC of 0.05%, and 24 
hours of sleep deprivation has demonstrated decrements comparable to a BAC of 
0.10%. However, it is notable that performance detriments do not appear to be 
consistent across all cognitive tasks. 
2.5.1.2. Chronic partial sleep restriction 
In current Australian society, which may be comparable to USA and other 
developed economies, acute sleep loss in excess of 45 hours does not commonly 
occur for most people. More common is chronic partial sleep restriction, in which 
sleep is reduced to below the desired level over a number of nights. In the case of 
parents caring for infants, there is usually sleep reduction or fragmentation for weeks 
or months, rather than complete deprivation of sleep for days. This potential chronic 
sleep restriction experienced by parents of infants (as well as many others such as 
medical interns) requires investigation as the results from acute sleep loss studies 
cannot be assumed to translate easily to these situations. 
There have been a number of studies reporting detrimental performance effects 
after chronic sleep restriction, as highlighted in Banks and Dinges’s (2007) review of 
the relevant literature. Pilcher and Huffcutt (1996) also conducted a meta-analysis 
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with research studies that assessed either long-term acute sleep loss, short-term acute 
sleep loss or chronic sleep restriction studies with dependent measures of either a 
cognitive performance task, motor performance task or mood. The results suggest 
that sleep loss significantly effects human functioning. The researchers found that 
sleep loss had a greater effect on cognitive performance than motor performance, and 
mood was more affected than cognitive performance. The results also indicated that 
chronic sleep restriction demonstrated greater decrements than acute sleep loss for 
both cognitive performance and mood. 
Van Dongen, Maislin, Mullington, and Dinges (2003) investigated the effects 
of chronic sleep restriction and acute sleep loss on cognitive performance with 48 
healthy adults. Participants that experienced sleep restriction of four or six hours per 
night for 14 consecutive nights displayed significant cumulative performance deficits 
on psychomotor vigilance and working memory tasks. The level of impairment 
displayed by chronic sleep restriction of six hours or less over two weeks was 
comparable to the level of impairment displayed by two nights of acute sleep loss. 
This is an interesting finding, particularly in relation to the cumulative effect 
reported, as parents caring for infants may experience chronic sleep restriction for a 
period much longer than 14 days.  
It has been suggested that chronic sleep restriction produces greater 
performance decrements than does acute sleep loss. Cohen et al. (2010) compared 
performance deterioration due to acute sleep loss to that due to chronic sleep loss. 
The researchers designed a complex protocol that partitioned the influence of chronic 
sleep restriction, acute sleep loss, and circadian timing on the psychomotor vigilance 
test (PVT; a commonly used objective measure of sleepiness). They reported that the 
deterioration for participants who were experiencing chronic sleep restriction made 
the deterioration for those who were not experiencing chronic sleep restriction seem 
insignificant. That is, there was substantially greater performance deterioration for 
those who had chronic sleep loss than those who had acute sleep loss.  
Similar to acute sleep loss studies comparing effects to BAC impairment, 
Elmenhorst et al. (2009) conducted a study investigating the effects of chronic sleep 
restriction compared to alcohol intake on a reaction time task and an unstable 
tracking task. The results indicated that sleep restriction of five hours per night for 
four nights displayed similar performance decrements on the reaction time and 
unstable tracking tasks to the performance found with a BAC of approximately 
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0.08% on these tasks. As such, sleep restriction of five hours per night over four 
nights may not be uncommon for some people, including those caring for an infant.  
In summary, chronic sleep restriction has been shown to negatively affect 
mood, cognitive performance and motor performance. Compared to acute sleep loss, 
chronic sleep restriction has demonstrated greater decrements in cognitive 
performance and mood. On cognitive performance tasks, similar impairment has 
been displayed by chronic sleep loss of six hours or less over two weeks and two 
nights of acute sleep loss. Additionally, sleep restriction of five hours per night for 
four nights has displayed similar performance decrements as found with a BAC of 
approximately 0.08%. 
2.5.1.3. Sleep fragmentation 
Not all parents of infants experience acute sleep loss or chronic sleep 
restriction; however, most parents experience highly fragmented sleep. As mentioned 
earlier, this is primarily due to the need to attend to their infant at regular intervals. 
Research into some sleep disorders and work schedules can help gain an 
understanding of the impact sleep fragmentation may have on performance and 
alertness, which may differ from acute and chronic sleep loss research.  
Murray and Dodds (2003) conducted a pilot study that looked at the 
performance of anaesthetists after a night of sleep fragmentation to determine if their 
performance might be affected. In this study, the participants’ vigilance was 
measured using a computer-based steering simulator, in which the participants were 
required to steer as accurately as they could, as well as press a button on the steering 
wheel when target numbers appeared. The participants’ performance was assessed 
before and after a night on-call, and their sleep during this night was assessed with 
actigraphy. The results indicated that the participants’ performance improved during 
the testing period before the on-call shift, but it did not improve during the testing 
period after the night of fragmented sleep. Interestingly, performance was worse if 
sleep was disturbed during the earliest third of the night.  
Stepanski (2002) reviewed literature on the effects of sleep fragmentation on 
human functioning, and overall concluded that fragmented sleep is not as restorative 
as consolidated sleep, and that sleep fragmentation leads to sleepiness-related 
impairment. Wesensten, Balkin, and Belenky (1999) reviewed the literature 
assessing performance and alertness following sleep fragmentation and drew similar 
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conclusions to those of Stepanski. The researchers also found that within the studies 
reviewed when total sleep time excluded Stage 1 sleep (the first stage of sleep 
entered after arousal), the relationship between total sleep time and alertness and 
performance becomes stronger. The researchers suggest that the recuperative 
processes of sleep may require sleep continuity. 
In the 1980s, Bonnet researched the effects of sleep disruption and 
fragmentation. Psychomotor, vigilance and mental arithmetic performance, as well as 
daytime sleepiness were demonstrated to be a function of rate and timing of sleep 
disruption (Bonnet, 1986). During this period Bonnet suggested the sleep continuity 
theory, which states that in order for sleep to have a restorative effect, sleep periods 
need to be longer than 10 minutes. This theory has been supported by research 
studies investigating sleep fragmentation in a range of fields (e.g., Togo et al., 2008). 
This theory could provide a valuable explanation for the level of tiredness and 
fatigue experienced by mothers in the postpartum period.  
Philip et al. (1994) conducted an investigation where the participants 
experienced one night of sleep fragmentation, which was induced to closely mimic 
the sleep experienced by people with upper airway resistance syndrome. The 
participants demonstrated obvious sleepiness, although performance was not 
affected. However, it is possible that there was performance impairment that was not 
large enough to be identified after one night of fragmented sleep, but may 
accumulate over a number of nights of sleep fragmentation. 
Overall, current research suggests that fragmented sleep is not as restorative as 
consolidated sleep, and that sleep fragmentation leads to sleepiness-related 
impairment. An explanation suggested for these findings is that in order for sleep to 
have a restorative effect, sleep periods need to be continuous and longer than 10 
minutes. 
2.5.1.4. Postpartum sleepiness 
Insana and Montgomery-Downs (2013) have published one of the only studies 
to date specifically assessing postpartum sleepiness and the associated performance 
decrements. In this study actigraphy objectively assessed sleep, the Multiple Sleep 
Latency Test (MSLT) objectively measured sleepiness, and neurobehavioural 
performance was objectively measured by the Psychomotor Vigilance Tests (PVT). 
The researchers found that 10% of the mothers demonstrated pathological level of 
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sleepiness, 29% demonstrated moderate sleepiness levels, and 42% demonstrated 
mild sleepiness as assessed by the MSLT. The mothers demonstrated significantly 
more neurobehavioural performance impairment than fathers and women in the 
control group. 
McBean and Montgomery-Downs (2013) recently conducted a study assessing 
neurobehavioural performance (using the PVT) of postpartum women during the first 
12 weeks post-birth, with a focus on their sleep timing and regularity. Across the 
sample, the level of impairment increased across the assessment period. The 
researchers also found that women who slept earlier in the night and at more 
consistent times from night-to-night showed less impairment than those who slept 
later and whose sleep times varied. The researchers suggest that these findings add 
new knowledge about postpartum sleep timing that could be useful for informing 
interventions.  
There are currently only two published studies that have conducted quantitative 
assessments of postpartum sleepiness and driving. Armstrong, MacKenzie, and 
Smith (2014) found that in the postpartum period mothers experienced sleep 
fragmentation and enduring sleepiness. The researchers also identified a high 
proportion of driving journeys undertaken when the mothers reported high levels of 
sleepiness. Malish, Arastu, and O’Brien (2015) identified that a large proportion of 
postpartum parents (92% were mothers) experienced poor sleep and poor daytime 
functioning. In addition, almost a quarter reported a near miss incident and 5.6% 
reported a crash since the birth of their infant.  
Overall, given the neurobehavioural performance decrements identified within 
the population of postpartum mothers due to sleepiness, and the identification of a 
potentially high number of mothers driving whilst sleepy, further investigation into 
sleepy driving in this population would be valuable. Specifically, investigation of 
how frequently mothers drive during the postpartum period, as well as how sleepy 
they are whilst driving. 
2.5.2. Sleepy driving: How and why it occurs  
Sleepiness-related crashes are reported as more common on monotonous roads 
with speed limits over 100km/hr (Horne & Reyner, 1995; McCartt, Ribner, Pack, & 
Hammer, 1996; Sagberg, 1999). Detrimental effects on driving performance in 
monotonous conditions have also been reported through driving simulator studies 
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(e.g., Thiffault & Bergeron, 2003). Crashes occurring under monotonous and high 
speed conditions are obviously of concern as the speed at which the vehicles are 
travelling could easily result in serious injuries or fatalities. A common assumption 
regarding the high occurrence of sleepiness-related crashes on high-speed 
monotonous roads is that the lack of physical or visual stimulation reduces alertness 
and in turn performance. Intuitively, this may seem to make sense; however, further 
research seems to indicate that this is not the whole story, with Michael and Meuter 
(2006) finding that monotony results in poor performance independently of fatigue. 
The focus on high-speed fatigue-related crashes appears to have detracted the 
attention away from the potential harm that could be caused by lower speed fatigue-
related crashes, such as in urban areas. Using data extracted from Queensland 
Transport’s road crash database over a six year period, Armstrong, Smith, Steinhardt, 
and Haworth (2008), investigated the attributes of crashes occurring in speed zones 
of 60 km/h or less where a Queensland Police Officer attributed the incident to 
“fatigue/fell asleep”. The results indicated that almost a quarter of the crashes 
resulted in a fatality or hospitalisation due to hitting an object or a parked vehicle, or 
colliding with another vehicle head-on. These results indicate that fatigue-related 
incidents do occur in speed zones lower than 100 km/h and the consequences can be 
very serious.  
There has been some research focusing on populations that may be more at risk 
of sleepy driving (Vanlaar, Simpson, & Robertson, 2008). One avenue of research 
has focused on shift workers or night workers as they are commonly required to 
drive during circadian rhythm dips and possibly when their sleep drive is high. Shift 
workers are more likely to experience inadequate or poor quality sleep and be at 
greater risk of sleepiness-related accidents (Dalziel & Job, 1997; McCartt et al., 
1996). Professional long-haul truck drivers have also been investigated due to the 
long hours they spend driving. These drivers are more likely to have high sleep 
drives by the end of a working/driving day as well as potential driving fatigue and in 
turn have high rates of falling asleep at the wheel (McCartt, Rohrbaugh, Hammer, & 
Fuller, 2000). Additionally, sleep disorder patients have also been investigated due to 
the higher incidence of acute and chronic sleep loss with suggestions that they are at 
higher risk of crashes or near-misses (Ward et al., 2013). 
Sleepiness and fatigue comprise easily identifiable features such as yawning, 
microsleeps, and difficulty with concentrating. As sleepiness is easily identifiable, it 
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is interesting to note that many people continue to drive when they recognise they are 
sleepy. Obst, Armstrong, Smith, and Banks’s (2011) survey of Australian drivers 
found that almost 80% of respondents reported driving when sleepy. Armstrong, 
Obst, Livingstone, and Haworth (2009) conducted a telephone survey on a large 
sample (N = 1609) of New South Wales and Australian Capital Territory drivers that 
asked participants about their involvement in any fatigue-related incidents in the 
previous five years. Notably, female respondents were more likely than male 
respondents to report fatigue-related incidents when taking children to or from 
childcare. Additionally, fatigue-related incidents were more likely to be reported by 
females than males when within 5 km of their home or when driving for a shorter 
time period. Another study conducted on a large sample of Queensland drivers (N = 
305) indicated the most prevalent reasons for driving whilst sleepy were a desire to 
get to the destination, being in close proximity to their home, and time factors 
(Armstrong, Obst, Banks, & Smith, 2010). These reasons for driving whilst sleepy 
would be relevant to short distance as well as long distance trips. These findings 
indicate that people are identifying their sleepiness and continuing to drive. Thus, it 
would be valuable to investigate the cognitions of drivers who continue to drive after 
identifying they are sleepy.  
One recent study by Williams, Davies, Thiele, Davidson, and MacLean (2012) 
investigated the perception of the level of culpability of drink drivers versus sleepy 
drivers. The participants viewed different scenarios and the researchers found that 
young drivers believed drivers who crashed after drinking were more culpable than 
those who crashed after sleep deprivation. Notably, sleepy driving was viewed as a 
situation all drivers experience and participants attributed the crash to a bad decision. 
Thus, knowledge about the safety risk associated with sleepy driving, as well as 
cognitions surrounding sleepy driving appear to require investigation if adequate 
strategies for sleepy driving prevention are to be developed and employed.  
2.5.3. Sleepy driving: Prevention and countermeasures 
Within the road safety community sleepy driving is now acknowledged as one 
of the key safety concerns and has been the focus of public education campaigns. For 
example, Queensland’s Department of Transport and Main Roads employed a public 
education campaign during 2009 and 2010 titled “Driver fatigue” aimed at making 
motorist aware of the signs of fatigue and urging them to attend to the signs by 
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swapping drivers or taking a break (Department of Transport and Main Roads, 
2010). Adamos, Nathanail, and Kapetanopoulou (2013) point out that the common 
goals of these campaigns are to provide knowledge about sleepiness and driving, 
informing drivers about the associated risks associated, identifying warning signs, or 
they focus on singular ideas such as napping. The researchers highlight the lack of 
research evaluating these education campaigns. 
Research identifying the strategies that drivers report using to overcome fatigue 
whilst driving provide some insight into whether these public education campaigns 
may be influencing driver behaviour. Vanlaar, Simpson, Mayhew, and Robertson 
(2008) provided participants with 14 possible strategies to overcome sleepiness 
whilst driving and asked them to indicate if they had used each of them in the past 
year. The researchers found that opening the windows or turning the air conditioning 
on was the most frequently cited, with 43.7% of respondents indicating they used this 
strategy. The next most frequently used strategies were talking to passengers 
(34.2%), stopping but not napping (31%), changing radio station or music (30.4%), 
turning up the volume of the radio or music (30.1%), and drank caffeine or took a 
caffeine pill (29.5%). The respondents were also asked to indicate their perceived 
effectiveness of the strategies. The respondents indicated that asking a passenger to 
drive was most effective, stopping to nap or sleep was the next most effective, 
followed by stopping without napping. As shown in these results there was a miss-
match between the strategies used and the strategies perceived to be most effective 
for overcoming sleepiness. This may be partially explained by only 60% of the 
drivers indicating that they believe sleepy driving to be a “serious” or “extremely 
serious” problem. 
Gershon, Shinar, Oron-Gilad, Parmet, and Ronen (2011) administered a survey 
to 100 professional and 90 nonprofessional drivers investigating strategies used to 
overcome sleepy driving as well as the perception of their effectiveness. For both 
professional and nonprofessional drivers, the most frequently used strategy was 
listening to the radio, and opening the window was also frequently cited. The 
professional drivers also commonly reported drinking coffee and the nonprofessional 
drivers also commonly reported talking to a passenger. Nonprofessional drivers 
perceived the most effective strategies to be talking to a passenger, listening to the 
radio and opening the window.  
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Overall, further work is needed to investigate effective and feasible strategies 
for avoiding sleepy driving. It would be beneficial to identify the strategies currently 
used by drivers, assessing the perceived effectiveness of suggested strategies, and 
attempting to identify the likelihood of using suggested strategies. 
2.6. Postpartum education 
As the postpartum period is time of great change and many new challenges, 
there is a myriad of information and education programs to assist new parents with 
dealing with these difficulties (e.g., SIDS and Kids information sheets, books, and in-
stay sleep facilities). As previously highlighted, one of the characteristic changes 
from pre-birth to post-birth for mothers is their feelings of sleepiness, which can 
impair performance on neurobehavioural tasks (Insana & Montgomery-Downs, 
2013), cognitive functioning, and emotional regulation (Swain et al., 1997). Even 
though sleepiness is a common phenomenon in the postpartum period, there does not 
appear to be literature assessing any educative programs addressing this issue, as 
there appears to be few educative or more basic information programs directly 
focusing on it. However, there are programs that indirectly tap into postpartum 
sleepiness, mainly through focusing on parent or infant sleep.  
Most of the programs developed that may indirectly influence postpartum 
sleepiness incorporate interventions using a psychoeducation approach (e.g., 
Kempler, Sharpe, & Bartlett, 2012). Psychoeducation was initially used with families 
that included a schizophrenia patient (Goldstein & Miklowitz, 1995) and has since 
been used with patients in other clinical populations (e.g., Holder & Anderson, 1990; 
Miklowitz & Goldstein, 1990). Psychoeducation incorporates a holistic paradigm 
focusing on health. It aims to develop competence by providing knowledge to 
patients and their families with the underlying premise that this can provide 
improved health for all (Lukens & McFarlane, 2004). The techniques utilised aim to 
remove difficulties in understanding relevant but often complex information, and 
providing strategies to incorporate the information in a useful manner. Thus, the use 
of psychoeducation principles could also be beneficial to use with non-clinical 
populations whose physical and psychological health could be improved.  
The majority of interventions that indirectly impact mothers’ postpartum 
sleepiness are developed for parents concerned about their infant’s sleep. For 
example, Hall, Clauson, Carty, Janssen, and Saunders (2006) conducted an 
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intervention using face-to-face classes and telephone calls conveying information 
about infant sleep and suggestions for dealing with sleep problems. The researchers 
found significant improvement in parents’ sleep quality, cognitions about infant 
sleep, and fatigue. Stremler et al. (2006) conducted a pilot randomised control trial of 
a behavioural-education intervention to promote both infant and mothers’ sleep. The 
mothers in the intervention obtained sleep information and strategies from a nurse 
through face-to-face meetings, weekly phone calls, and an 11-page booklet, 
compared to controls, who only obtained basic information about sleep. Fewer 
mothers in the intervention believed there was a problem with their sleep, and on 
average they received 57 minutes more sleep at night. 
Education about infant sleep can also be found in other programs with a 
slightly different or broader focus than postpartum sleepiness. Halford and Petch 
(2010) reviewed the effects of couple psychoeducation on the parenting of their 
infant, and then developed suggestions regarding content for future education 
programs to assist the transition to parenthood. The suggested topics included infant 
care (e.g., infant feeding, sleep), parenting expectations, parenting competence/self-
efficacy, and social support. Even though the focus of the review was to identify 
topics to assist new parents transition to parenthood, all of the abovementioned topics 
could include information to reduce the incidence of elevated sleepiness. 
In Australia in 2011, 6,724,000 households (78.9%) were connected to the 
internet. Thus, taken together with the challenge of getting new parents at a clinic or 
hospital for group sessions (Petch & Halford, 2008), it appears valuable to use an 
online format to disseminate information to mothers in the postpartum period. 
Currently some online psychoeducation programs have been developed for clinical 
populations. Fristad, Gavazzi, and Mackinaw-Koons (2003) conducted and reviewed 
three pilot studies on psychosocial interventions for childhood bipolar disorder. They 
focused on assessing the increase of knowledge, as this is a vital step, and reducing 
expressed emotion. They found significant knowledge gain after attending a 1.5 hour 
workshop in the first study, and increased positive attitudes and behaviours as well as 
decreased negative attitudes and behaviours towards their child in study two.  
There have been some positive results with online programs incorporating 
information about sleep. Vincent and Lewycky (2009) conducted a randomised 
control trial using an online treatment program for chronic insomnia patients that 
included psychoeducation and sleep hygiene information, and found significant 
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improvements including daytime fatigue. Additionally, there were significant 
changes in dysfunctional beliefs about sleep. It is positive to find some online 
programs with sleep information; however, there does not appear to be any programs 
with information about postpartum sleepiness specifically.  
2.7. Gaps in the literature 
This literature review looked at studies conducted within two distinct topic 
areas, postpartum sleepiness and sleepy driving, that when considered together 
highlight a niche area that has yet to be pursued thoroughly. Additionally, further 
work within each area individually would be beneficial and provide some further 
clarity. Also, the review of literature on postpartum education provides some 
beneficial insights into how to best convey information to women entering into the 
postpartum period.   
2.7.1. Sleepy driving in the postpartum period 
Within sleepy driving research there have been investigations of its occurrence 
in at risk populations; however, to date research into postpartum mothers’ driving, 
and potential sleepy driving is lacking. Within the literature there is also still a lack 
of understanding of drivers’ cognitions about sleepy driving, particularly the thought 
processes surrounding the choice to continue driving after identifying signs of 
sleepiness. Additionally, identification of effective as well as feasible strategies for 
avoiding sleepy driving would add valuable knowledge to the field.  
2.7.2. Postpartum sleepiness 
There has been a broad range of research conducted into postpartum 
sleepiness; however, due to a range of assessment materials used, differing 
assessment time points, and varying length of assessments, the prevalence and 
duration is still currently unclear. The focus of research into postpartum sleepiness 
and fatigue has been dominated by exploring mothers’ sleep and infant sleep. Some 
research has started to acknowledge and investigate the contribution of psychosocial 
factors toward postpartum sleepiness. However, this has not been done in a 
comprehensive manner to date. Therefore, it would be beneficial to conduct further 
research investigating the prevalence and duration of postpartum sleepiness, as well 
as the biological and psychosocial contributing factors.  
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2.7.3. Postpartum education 
Sleepiness is a common phenomenon in the postpartum period. However, to 
date there does not appear to be any studies assessing any educative programs 
addressing postpartum sleepiness. Additionally, there appears to be few basic 
information programs or more detailed education programs directly focusing on it. 
Thus, due to the potential increased safety risk associated with postpartum 
sleepiness, it would be beneficial to develop a program focused on informing 
mothers about postpartum sleepiness, as well as potential sleepy driving in this 
period. 
2.8. Summary and Implications 
Postpartum sleepiness is a key problem for many mothers. A myriad of 
research has highlighted the performance decrements exhibited by those 
experiencing high levels of sleepiness. As Australian society has a large dependence 
on driving, it is likely that many mothers are driving during the postpartum period at 
a time that has been signified with increased sleepiness levels. Sleepy driving is an 
important safety issue that needs to be recognised and avoided. To date, there does 
not appear to be many published studies investigating the potentially high safety risk 
associated with sleepy driving in the postpartum period.  
In order to ensure postpartum mothers are not at an increased risk of crash or 
injury due to sleepy driving, the key objective is for mothers to avoid driving if they 
are experiencing sleepiness. The literature reviewed indicates a few implications for 
how this research program could best be undertaken. Firstly, sleepiness can 
negatively impact performance on behavioural and cognitive tasks; and it can also 
negatively impact mothers emotionally and socially. Thus, attempting to reduce 
postpartum sleepiness could result in reducing the likelihood of mothers sleepy 
driving, as well as improve functioning in other aspects of their lives. Secondly, due 
to the caregiving responsibilities and dependent nature of infants, mothers may have 
times of inevitable and unpreventable sleepiness. Therefore, an approach focusing on 
assisting mothers with avoiding driving when sleepiness is inevitably increased is 
needed.  
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In the literature review in Chapter 2 it was identified that postpartum mothers 
may be at increased crash risk due to the high prevalence of postpartum sleepiness. 
Thus the main focus of this program of research was to reduce the risk of injury 
associated with sleepy driving during the postpartum period. As few studies have 
investigated mothers driving during the postpartum period and linked it with 
sleepiness, background research into this area needs to be conducted. Once this 
evidence-based information has been identified, postpartum mothers should be 
informed about the risk associated with sleepy driving. Thus in the long-term, an 
intervention conveying evidence-based information to postpartum mothers should be 
developed and implemented. Campbell et al. (2000) detailed the sequential phases 
required for developing complex interventions and is presented in Figure 3.1. 
 
 
Figure 3.1. Sequential phases of developing randomised controlled trials of complex 
interventions.  Adapted from “Framework for design and evaluation of complex 
interventions to improve health” by Campbell et al. (2000). 
 
This framework provided overarching guidance towards the approach of the 
present program of research and future directions. As this research focused on 
addressing a gap identified within the literature, the processes within the preclinical 
phase were addressed, followed by Phase I (modelling), and then initial steps within 
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Phase II (exploratory trial) were undertaken. Suggestions for future research 
(provided in Section 10.5) relate to completing Phase II and moving towards Phase 
III, conducting a definitive randomised controlled trial.  
3.1. Health behaviour theories 
Within the research program the key behaviour of interest was avoiding sleepy 
driving. Employing this stance within the program allowed for the focus to be on 
preventative behaviour rather than responsive behaviour change or deterrence. As the 
potential negative outcomes from sleepy driving include serious health outcomes, 
avoiding sleepy driving was regarded as a health behaviour. The main theoretical 
models that have been applied to health behaviour include the Health Belief Model, 
Social Cognitive Theory, and the Theory of Reasoned Action that was further 
developed into the Theory of Planned Behavior (Painter, Borba, Hynes, Mays, & 
Glanz, 2008). 
The Health Belief Model (HBM; Rosenstock, 1974) predicts the likelihood of 
performing a health behaviour. In the model there are two key assessments made by 
a person that impact behaviour performance likelihood; the assessments are about the 
perceived threat of illness or injury, and the perceived benefits and barriers to 
performing a health behaviour. The perceived threat is influenced by perceived 
seriousness and susceptibility, as well as cues to act. Limitations include a lack of 
consideration of the accuracy of information about the health behaviour or strategy 
for encouraging the health behaviour. Additionally, it does not incorporate 
environmental or external factors that may influence enacting the health behaviour.  
The Theory of Planned Behavior (TPB; Ajzen, 1991) predicts a person’s 
intention to partake in a specific health behaviour with rational thinking and 
deliberate actions. The key considerations made by an individual relate to three types 
of beliefs, they are attitudes toward the behaviour (behavioural beliefs), subjective 
norms (normative beliefs), and perceived behavioural control (control beliefs). The 
theory suggests the three constructs are interrelated and all impact intention to 
perform the behaviour, which is then presumed to have a direct relationship with 
behaviour. Even though the theory includes perceived behavioural control, it does 
not address actual behavioural skills. That is, there is an underlying assumption that 
the individual is in complete control of the behaviour. Another limitation is the 
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underlying assumption that the person has the resources and skills to perform the 
behaviour.  
Social Cognitive Theory (SCT; Bandura, 1989) attempts to explain how a 
person initiates and maintains goal-directed behaviour. Behaviour maintenance is a 
concept not shared by most other theories applied to health behaviour. Reciprocal 
determinism is the central concept within the theory, which refers to the interaction 
between individual, environment and behaviour. Thus, the theory incorporates an 
individual’s previous experiences, their social environment and the responses they 
receive to the behaviour. Self-efficacy with performing the desired behaviour is a key 
component within the theory. A limitation of the theory is the heavy reliance on 
learning processes (i.e., observational learning and reinforcements), with apparent 
disregard for biological or physiological determinants of behaviour. The theory also 
does not address motivation at the time of enactment of the behaviour.  
The health behaviour of avoiding sleepy driving in the postpartum period is 
currently lacking in evidence-based knowledge. Thus, people within the population 
of interest are unlikely to have accurate knowledge of the issue, and in turn 
potentially low motivation for enacting the behaviour. Both driving behaviour and 
general behaviour of mothers in the postpartum period are likely to be socially 
influenced, and this needs to be considered within research. Additionally, as the 
behaviour in focus is not likely a habitual behaviour, and likely complex in nature, it 
is inappropriate to assume a person has the skills or resources to enact the behaviour.  
Social Cognitive Theory could not have been effectively applied to avoiding 
sleepy driving due to the nature of the behaviour. That is, sleepiness is heavily 
determined by physiological processes, and the SCT does not consider physiological 
determinants of behaviour. Also, the heavy reliance on observational learning would 
not be an appropriate application with a behaviour that is common practice, even 
though it is unsafe. In addition, the use of reinforcements would be an issue, as 
partaking in the unhealthy behaviour of sleepy driving does not always result in a 
negative outcome, thus each time a person drives when sleepy and they arrive at their 
destination safely, the behaviour of sleepy driving would be positively reinforced. 
The limitations of the HBM and TPB suggest that these would not effectively 
address avoiding sleepy driving as a health behaviour. This behaviour requires a 
theory that focuses on the provision of accurate information, which the HBM does 
not consider, in order to gain acceptance of an issue that needs to be taken seriously. 
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In addition, the HBM does not include the impact of external factors on engaging in 
a health behaviour, thus as driving is commonly impacted by external factors (e.g., 
primary mode of transport to work), these external factors needed to be considered 
with this health behaviour. Neither the HBM nor TPB incorporate constructs that 
allow for the encouragement of undertaking health behaviours themselves, which 
would be a valuable inclusion. As it may not be obvious what behavioural skills are 
needed to avoid sleepy driving a theory should be applied that considers people’s 
skills to perform the desired behaviour, and attempts to build on them, or address a 
lack of required skills, as needed. The Information-Motivation-Behavioral Skills 
(IMB) model (Fisher & Fisher, 1992) is a theory that addresses the limitations 
identified within the theoretical models commonly applied to health behaviour, thus 
it was selected to underpin this research program. In order to provide a sound basis 
for the research aims and questions presented in Section 3.3, the IMB model is 
described in detail below.  
3.2. Information-Motivation-Behavioral Skills model 
The IMB model was originally developed to address the need for a theoretical 
understanding of behaviours related to HIV risk and to inform the development of 
interventions to reduce the risk (Fisher & Fisher, 1992). Thus, the model has been 
widely applied within HIV research (e.g., Cornman, Schmiege, Bryan, Joseph 
Benziger, & Fisher, 2007; Kiene et al., 2013; Nöstlinger et al., 2011). However, more 
recently the model has been applied to other health behaviours and is gaining support 
for use as model for general health behaviour change. The model has been applied to 
diabetes self-care behaviour (Osborn & Egede, 2010), care for chronic medical 
conditions (Rivet Amico, 2011), and even children’s fruit and vegetable consumption 
(Mita, Li, & Goodell, 2013). The model has roots in social psychology and can serve 
as a good theoretical framework for developing empirical-based interventions 
focused on reducing risk associated with health behaviours (Fisher, Fisher, & 
Harman, 2003). That is, the model can be used to help understand the psychological 
and social factors influencing a person’s health behaviours, whilst also considering 
the person’s behavioural abilities. 
The model stipulates that preventative information, motivation, and 
behavioural skills are the key determinants for a person partaking in preventative 
behaviours (Fisher & Fisher, 1992). Thus, the model suggests that if a person is well 
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informed, highly motivated and possesses the relevant behavioural skills, they are 
more likely to partake in health-promoting behaviours. The model acknowledges 
situations where highly informed people may have low motivation, or where highly 
motivated people may have low levels of accurate knowledge. Thus, the model 
stipulates that having high levels of accurate knowledge as well as being highly 
motivated makes behaviour change more likely. As highlighted in Figure 3.2, the 
main pathway within the model is when preventative information and motivation 
influence behavioural skills, which in turn impact health promotion behaviours 
(Fisher, Fisher, & Shuper, 2009). However, in situations where the behavioural skills 
are simple or commonly performed, preventative information or motivation may 
have direct effects on health-promoting behaviour. Benefits of the IMB model 
include it being parsimonious; it allows for constructs identified in the literature to be 
applied to it, and the model constructs can be used in intervention development. 
Applying the IMB model to the present research allows avoiding sleepy 
driving to be contextualised as a health behaviour that can be promoted. Even though 
the model’s previous application has commonly been with disease prevention, the 
constructs within the model appear appropriate for injury prevention behaviour as 
well. One example of the IMB model’s application to an injury prevention behaviour 
is that of motorcycle safety gear use (Murray, 2000, as cited by Fisher et al., 2009). 
The health behaviour in focusing within the present program of research was 
avoiding sleepy driving. Descriptions of the three key concepts within the model and 
their application to avoiding sleepy driving are described below in Section 3.2.1, 
followed by a description of the elicitation-intervention-evaluation approach 
advocated in Section 3.2.2. Within the present program of research the focus was on 
conducting elicitation research within the preventative information construct (as 
highlighted in Figure 3.2). Elicitation research was also conducted with the 
preventative motivation and behavioural skills constructs to a lesser degree. The 
intervention development and implementation, and evaluation research steps of 
the IMB model were also undertaken, to a lesser degree than elicitation research, 
with a continued focus on the preventative information construct.  
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Figure 3.2. IMB model constructs leading to a health behaviour and elicitation-intervention-evaluation approach steps  
(as described by Fisher & Fisher, 1992) 
Elicitation research 
Intervention 
development & 
implementation 
Evaluation research 
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Preventative 
information 
Preventative 
motivation 
Preventative 
behavioural skills 
Health 
behaviour 
Constructs: 
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3.2.1. IMB model constructs 
3.2.1.1. Preventative information 
Captured within preventative information are facts about enacting the specific 
behaviour, heuristics regarding the behaviour, as well as implicit theories held about 
the behaviour. Within the context of this research study, health promotion facts 
include specific empirical-based findings about postpartum sleepy driving as well as 
postpartum sleepiness. For example, a specific fact would be: “Driving when sleepy 
increases crash risk.” The preventative information construct also includes heuristics, 
which are cognitive shortcuts that allow quick but sometimes inappropriate decisions 
to be made (Burton, Westen, & Kowalski, 2015). A potential heuristic within this 
context could be “I’m sleepy but I’m only going a short distance, so my safety risk is 
low.” Implicit theories regarding the behaviour, which are “complicated sets of 
beliefs that require cognitive effort to process” (Fisher et al., 2003, p.84) are also 
captured within the preventative information construct. An example of a potential 
implicit theory is: “When I realise I am sleepy whilst driving I make a more 
conscious effort to focus on my driving, so my crash risk won’t be increased.” 
3.2.1.2. Preventative motivation 
The second construct within the model, preventative motivation, incorporates 
personal motivation and social motivation. Personal motivation refers to the 
attitudes, both positive and negative, a person holds toward partaking in health 
promoting behaviours. In this context it would be a person’s attitude toward 
refraining from driving when sleepy, in light of other life demands and 
responsibilities. The desired attitudes would be that avoiding driving when sleepy is 
warranted and important. Social motivation captures the level of social support with 
engaging in the preventative behaviour as well as the social norms around the 
behaviour.  Specifically, avoiding sleepy driving is likely to be impacted by the level 
of social support with implementing sleepy driving avoidance strategies, such as 
having an alternative driver during times of high sleepiness. Social norms include the 
perceptions of other postpartum mothers’ driving behaviour, particularly when 
sleepiness is high. 
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3.2.1.3. Preventative behavioural skills 
The IMB model stipulates that a highly informed and highly motivated person 
also requires the appropriate behavioural skills to properly engage in health 
promoting behaviours. These behavioural skills include a person’s actual capability 
as well as self-efficacy with performing the skills. The behavioural skills involved in 
sleepy driving avoidance are the ability to obtain adequate sleep to maintain low 
levels of sleepiness; ability to correctly self-assess sleepiness; employing a rational 
decision-making regarding likely driving performance; and ability to plan alternate 
strategies. Self-efficacy is the person’s belief in their ability to enact the behavioural 
skills.  
3.2.2. IMB model elicitation-intervention-evaluation approach 
The IMB model’s elicitation-intervention-evaluation approach proposes three 
steps in the process to encourage employment of the preventative health behaviour 
(Fisher et al., 2009). The approach allows for either encouragement of ideal 
behaviours or discouraging of risk behaviours. Three steps in the approach are 
described below.  
3.2.2.1. Step 1: Elicitation research 
The first step is conducting elicitation research, with a representative sample 
of the target population. The overall aim of this step is identifying the population’s 
level of health-promoting behaviours and/or health-risk behaviours, as well as 
preventative information, motivation and behavioural skills. Specifically, the goal is 
to ascertain “deficits” and “assets” in the key contributing constructs. To fulfil the 
overall aim and ensure responses are not restricted, the use of qualitative as well as 
quantitative data collection techniques are encouraged. 
3.2.2.2. Step 2: Intervention development and implementation 
The second step involves developing and implementing an intervention that is 
conceptually-based, empirically-targeted, population-specific. That is, the 
intervention needs to clearly define the constructs, and be supported by quality 
research data that has been obtained from the specific population that is being 
targeted. The development of the intervention should be based on the findings from 
the elicitation research, and thus target the deficits as well as utilise assets identified 
within the population.  
 Chapter 3: Theoretical Stance and Research Design 63 
3.2.2.3. Step 3: Evaluation research 
The third step involves evaluation research that aims to identify whether the 
intervention significantly influenced the preventative information, motivation and 
behavioural skills, and in turn health promotion behaviour in the population of 
interest. It is suggested that multiple data sources are utilised in this step that can 
complement each other. Assessment that is methodologically rigorous is endorsed.  
3.3. Research Program Aims and Questions 
The literature reviewed identified three main points that highlight the key issue 
and focus of this research program when considered together. The three main points 
are: (1) mothers often experience postpartum sleepiness; (2) sleepiness leads to 
performance decrements on neurobehavioural tasks; and (3) driving requires 
adequate neurobehavioural functioning. Thus, the key issue is when mothers 
experience elevated sleepiness during the postpartum period they are at a greater risk 
of incidents or injury when driving. This risk is serious and needs to be addressed 
due to its impact on mothers, their infants and other road users. Thus, the overall goal 
of this research project was to reduce the risk of sleepiness-related driving incidents 
and injuries in postpartum mothers by encouraging them to implement behaviours to 
avoid sleepy driving. Thus, the program of research had three overall research aims 
that directly mapped onto the IMB model steps (as shown in Table 3.1). 
  
Table 3.1 
Program of Research Aims and Corresponding IMB Model Step 
Research Aim IMB model step 
1. Identify information about sleepy driving prevalence, 
motivational factors regarding sleepy driving avoidance, and 
feasible behavioural skills for avoiding sleepy driving 
specifically focused on postpartum mothers.  
Elicitation 
research 
2. Contribute to the development of an intervention to reduce 
the risk of postpartum mothers sleepy driving, with a focus 
on the inclusion of empirical-based and population-specific 
preventative information. 
Intervention 
development & 
implementation 
3. Evaluate the intervention, focusing on the information 
construct.  
Evaluation 
research 
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These research aims were addressed through a series of research questions 
across the three studies within the research program (a description of the three 
research studies is provided in Section 3.5). The seven research questions, as well as 
the IMB model step and construct addressed by each question, are provided in Table 
3.2.   
 
Table 3.2 
Program of Research Questions Mapped onto IMB Model Steps and Constructs 
Research Question IMB model 
step 
IMB model 
construct 
1. What are the characteristic patterns of 
mothers’ driving during the postpartum 
period? 
Elicitation 
research 
Preventative 
information 
2. What are the common characteristics of 
maternal postpartum sleepiness? 
Elicitation 
research 
Preventative 
information 
3. What are the mothers’ attitudes towards 
avoiding sleepy driving? 
Elicitation 
research 
Preventative 
motivation 
4. What strategies to avoid sleepy driving 
are most feasible for postpartum 
mothers? 
Elicitation 
research 
Preventative 
behavioural skills 
5. Does mothers’ knowledge improve from 
before to after program completion? 
Evaluation 
research 
Preventative 
information 
6. Do mothers intend to implement 
strategies to avoid sleepy driving? 
Evaluation 
research 
Preventative 
motivation 
7. How confident were the mothers in their 
ability to implement strategies to avoid 
sleepy driving? 
Evaluation 
research 
Preventative 
behavioural skills 
 
3.4. Measurement of variables of interest 
This section of this chapter provides a brief description of the current methods 
and instruments used to assess the key variables within this research program; the 
key variables were sleepiness, sleep and sleepy driving. The other variables of 
interest were the psychosocial factors contributing to postpartum sleepiness. These 
psychosocial factors have not been clearly identified or assessed to date, therefore an 
exploratory approach was used within this program of research. 
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3.4.1. Sleepy driving 
Currently, assessment of sleepy driving is more challenging than other road 
safety issues that are commonly objectively measured, such as speeding and drink 
driving. As explained in the literature review, sleepiness is a physiological state. 
Speeding is the behaviour of exceeding the speed limit, and drink driving can only 
occur after the behaviour of consuming alcohol. Thus, the behaviours that lead to 
sleepiness are less clearly identified than these other behaviours that are associated 
with increased crash risk.  
Dinges and Mallis (1998) have classified the systems developed to detect or 
predict driver sleepiness into four groups; each group approaches sleepy driving 
avoidance differently. The groups are fit-for-duty assessments, models of alertness, 
performance assessments undertaken in-vehicle, and in-vehicle driving monitoring. 
As Ahlstrom et al. (2013) explains a fit-for-duty assessment aims to prevent drivers 
from beginning a journey when sleepy, whereas in-vehicle sleepiness detection aims 
to get drivers to discontinue a journey when sleepiness is at a concerning level. 
Mathematical models of alertness have been developed based on key sleep variables 
(e.g., Åkerstedt, Connor, Gray, & Kecklund, 2008); however, their real-world utility 
and application are yet to be shown. Ahlstrom et al. highlight the need for more 
naturalistic and non-intrusive assessment of driver sleepiness. One such measure is 
the Karolinksa Sleepiness Scale (KSS; Åkerstedt & Gillberg, 1990) which has been 
utilised as a measure of sleepiness when driving (Reyner & Horne, 1998a), and is 
described below in Section 3.4.2. 
3.4.1.1. Sleepy driving assessment within the current research 
To date, only two studies have assessed driving during the postpartum period. 
Malish et al.’s (2015) cross-sectional study asked postpartum parents to indicate the 
average number of miles driven per week, whether they experienced drowsiness 
when driving, and if they experienced near miss incidents or crashes. Armstrong et 
al.’s (2014) study obtained prospective data of driving and corresponding sleepiness, 
utilising the KSS, across 7-day assessment periods. Within the current program of 
research, this methodology was also utilised. As such, data regarding driving 
prevalence, time of day of journeys, and sleepiness whilst driving was obtained using 
a paper-based driving diary. Within the diary the KSS was used to obtain sleepiness 
data. A cross-sectional assessment of sleepy driving was also utilised within the 
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present program of research; participants were asked to recall driving journeys within 
the previous week, as well as average sleepiness during defined time periods across 
the day. 
3.4.2. Sleepiness measurement 
There are a number of scales designed to measure sleepiness, both objective 
and subjective. The Multiple Sleep Latency Test (MSLT; Carskadon et al., 1986) is 
the most widely used and accepted objective measurement of sleepiness. In the 
standard protocol of the MSLT, participants are placed in a laboratory with 
conditions conducive to falling asleep. Two other measures of sleepiness and 
alertness (inverse of sleepiness) that have quite specific protocols are the 
Maintenance of Wakefulness Test (MWT; Mitler, Gujavarty, & Browman, 1982) and 
Psychomotor Vigilance Testing (PVT; Dinges & Powell, 1985). Due to the specific 
protocols used during these assessments it is difficult to incorporate them into studies 
assessing naturalistic behaviour.  
The Epworth Sleepiness Scale (ESS; Johns, 1991) measures a person’s 
subjective sleep susceptibility in regular life situations, to identify the person’s 
overall daytime sleepiness. The scale proposes eight situations in which the 
respondents indicate the likelihood of falling asleep on a 0 (would never doze) to 4 
(high chance of dozing) scale. Originally, the proposed cut-off between normal and 
abnormal ESS scores was 10, which was based on the control group in the original 
study. Johns (1991) demonstrated the ESS to be a psychometrically valid measure of 
sleepiness, with high internal consistency ( = 0.88) and test-retest reliability (r = 
.82). The ESS has been utilised in research investigating mothers’ postpartum 
sleepiness (Insana & Montgomery-Downs, 2010; Insana et al., 2011), as well as 
sleepy driving (Boyle, Tippin, Paul, & Rizzo, 2008). In addition, the ESS has been 
validated as an appropriate measure of daytime sleepiness in pregnant women 
(Baumgartel, Terhorst, Conley, & Roberts, 2013). However, there have been validity 
concerns raised (Chervin & Aldrich, 1999). The possible reasons why this scale has 
been so widely used even though there have been validity concerns are: 1) ease of 
use with all types of studies, including observational; 2) face validity; 3) lack of 
alternative measures that can be as easily administered; and 4) ease of comparison 
with other studies that have used the ESS. 
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The Karolinska Sleepiness Scale (KSS; Åkerstedt & Gillberg, 1990) is a 
subjective measure of sleepiness. The scale employs a 9-point rating scale (1 = very 
alert to 9 = very sleepy) with the respondent required to rate their sleepiness at a 
specific point in time. This scale has been validated with electroencephalography 
(EEG) as well as behavioural performance (Kaida et al., 2006). These comparisons 
have suggested that KSS scores of 7 or above indicate a pathologic sleepiness level 
(van den Berg, Neely, Nilsson, Knutsson, & Landström, 2005). Due to its situational 
assessment of sleepiness, this scale can be administered multiple times across the 
day, and has been shown to be sensitive to the alertness changes across the day 
(Åkerstedt, Anund, Axelsson, & Kecklund, 2014).  
The Stanford Sleepiness Scale (SSS; Hoddes, Zarcone, Smythe, Phillips, & 
Dement, 1973) is a subjective measure of sleepiness. Seven statements are presented 
to respondents and they are to indicate their current level of sleepiness, the 
statements range from 1 (feeling active, vital, alert, wide awake) to 7 (almost in 
reverie, cannot stay awake, sleep onset appears imminent). The scale has been 
shown to be a valid measure of subjective sleepiness when used in acute sleep loss 
studies; however, its validity has been questioned in chronic sleep restriction studies 
(Van Dongen et al., 2003).  
3.4.2.1. Sleepiness assessment within the current research 
As the research aims and questions lend themselves to naturalistic assessments 
of mothers’ sleepiness, measures that required laboratory-based assessments (such as 
MSLT, MWT, and PVT) were not deemed appropriate for use in this program of 
research. Due to its ability to be completed in paper-based and online formats that 
could be completed in a participant’s own home, the ESS was chosen as a measure of 
overall daytime sleepiness. Also, ESS scores between 11 and 15 have indicated a 
three-fold increase in crash risk, and a six-fold increase for scores above 16, 
compared to lower scores (Stutts, Wilkins, Scott Osberg, & Vaughn, 2003). 
Additionally, use of the ESS would allow comparison of sleepiness with the few 
research studies that have assessed postpartum sleepiness and driving (Armstrong et 
al., 2014; Malish et al., 2015) or neurobehavioural performance deficits (Insana et 
al., 2011). As explained in Section 3.4.1.1, the KSS was selected to measure 
sleepiness whilst driving.  
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3.4.3. Sleep measurement 
Polysomnography (PSG) obtains objective data of a person’s sleep and is 
currently viewed by many sleep researchers as the “gold standard” in sleep 
measurement. However, the common assessment requires participants to stay in 
sleep laboratories overnight. Actigraphy is also commonly used as an objective 
measure of sleep and wake periods in adults. There is a range of devices on the 
market, with most being a similar shape and size to a wristwatch that can be worn for 
up to 14 days. After a comparison of PSG assessment and actigraphic assessment of 
sleep-wake scoring, actigraphy has been reported to be an excellent tool and a robust 
procedure (Jean-Louis et al., 1996; Sadeh, Sharkey, & Carskadon, 1994; Tryon, 
2004). Lauderdale, Knutson, Yan, Liu, and Rathouz (2008) conducted a study 
comparing actigraphic data with sleep logs and found that on average the 
actigraphically measured sleep was almost one hour less than the subjective reports 
of sleep.  
Sleep-wake diaries are commonly used to ascertain sleep data. They are used to 
obtain data from individuals about themselves, as well as data about others, e.g., 
mothers reporting infant sleep. There is a myriad of diaries utilised by sleep 
researchers, with many diaries designed for specific studies based on the specific 
research questions. Thus, there is no one diary widely used.  
3.4.3.1. Sleep assessment within the current research 
Due to the desire to obtain naturalistic assessments of postpartum mothers’ 
sleep, actigraphy as well as sleep diaries were chosen for the initial assessment of 
sleep within this program of research. These methods allowed for prospective 
assessment of mothers sleep across 7-day assessment periods. In order to assess sleep 
in a larger sample within the present research, an online questionnaire was utilised. 
Thus, purpose-developed questions were developed based on the key sleep variables. 
This required the participants to retrospectively recall sleep from the prior week, 
which lends itself to recall bias. However, this is a downfall for all questionnaire-
based assessments of sleep.  
3.5. Research Design and Methodology 
Study 1 involved an in-depth prospective investigation of mothers’ driving, 
sleepiness, and sleep across the first 24 weeks postpartum as well as two qualitative 
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interviews. In Study 1 elicitation research was used to collect data to inform the 
preventative information, motivation, and behavioural skills constructs of the IMB 
model. Study 2 involved further investigation of mothers’ driving and sleepiness 
across the postpartum period with a larger sample using a questionnaire; elicitation 
research was also used to collect data to inform the preventative information, 
motivation, and behavioural skills constructs. Study 3 involved the development of 
an information program about postpartum driving and sleepiness, as well as piloting 
and evaluation of the program with a pilot sample of expectant mothers. Study 3 
addressed the second and third steps of the IMB model approach: intervention 
development and evaluation. An overview of the program of research is provided in 
Figure 3.3. 
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Figure 3.3. Overview of studies within the program of research and respective IMB 
model step 
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3.5.1. Study 1: In-depth investigation of postpartum driving and sleepiness 
This study was the first component in the elicitation research step in the 
research program, which gathered both quantitative and qualitative data to inform all 
three key constructs in the model. The study involved in-depth prospective 
measurement of mothers’ driving including corresponding subjective sleepiness 
ratings, as well as daily subjective sleepiness, and objective and subjective maternal 
sleep. The prospective measurements were taken for 7 consecutive days at 6 weeks, 
12 weeks, 18 weeks and 24 weeks postpartum. A questionnaire was completed once 
during each of the four data collection weeks, which included assessment of 
sleepiness propensity. The results of the quantitative data are presented in Study 1a. 
Qualitative data about the mothers’ driving behaviour and sleepiness, including the 
factors they perceive to contribute to it, was obtained through interviews at 12 weeks 
and 24 weeks postpartum. The results of the qualitative data are presented in Study 
1b. An overview of the assessment periods in Study is provided in Figure 3.4. 
 
       
 
Figure 3.4. Overview of Study 1 assessment schedule for the four assessment periods 
3.5.1.1. Study 1a—Quantitative data 
Seven-day assessment periods were employed to obtain detailed information 
regarding sleepiness. Four assessment periods were employed as only a small 
number of previous postpartum sleepiness studies have assessed the same mothers 
this many times across the postpartum period. In particular, the latter two assessment 
periods were chosen as only a small number of studies have assessed mothers this far 
post-birth. This was seen as important as the focus of this research study was 
sleepiness that may be more enduring than fatigue, which was the focus of some key 
previous studies. The first two research questions posed within the elicitation 
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research step of this research were addressed within this study. The research 
questions and the respective construct they were informing were: 
RQ1: What are the characteristic patterns of mothers’ driving during the 
postpartum period? (preventative information) 
RQ2: What are the common characteristics of maternal postpartum 
sleepiness? (preventative information) 
Driving was assessed using 7-day diaries with the mothers noting down all 
driving episodes and indicating their KSS during each drive. This method allowed 
for identification of the number of driving journeys undertaken each week as well as 
time of day of journeys. The two measures of sleepiness used were the KSS and the 
ESS. The KSS was completed each day during the 7-day assessment periods and the 
ESS was completed once during each assessment period. Prospective assessment of 
maternal sleep was undertaken through sleep diaries and actigraphy during each 
assessment period, and infant sleep was also assessed using sleep diaries.  
3.5.1.2. Study 1b—Qualitative data 
The qualitative data from the two interviews provided insight in the perceived 
impacts of sleepiness on driving, as well as identification of mothers’ cognitions 
regarding their driving. Due to the exploratory investigation needed to identify 
psychosocial factors contributing to postpartum sleepiness, these interviews were 
conducted to obtain qualitative data. All four research questions posed within the 
elicitation research step of this research were addressed within this study. The 
research questions and the respective construct they were informing were: 
RQ1: What are the characteristic patterns of mothers’ driving during the 
postpartum period? (preventative information) 
RQ2: What are the common characteristics of maternal postpartum 
sleepiness? (preventative information) 
RQ3: What are the mothers’ attitudes towards avoiding sleepy driving? 
(preventative motivation) 
RQ4: What strategies to avoid sleepy driving are most feasible for 
postpartum mothers? (preventative behavioural skills) 
 Chapter 3: Theoretical Stance and Research Design 73 
3.5.2. Study 2: Questionnaire-based assessment of postpartum driving and 
sleepiness 
The in-depth nature of Study 1 resulted in assessment of a modest sample; 
therefore, Study 2 employed a questionnaire-based assessment, administered online, 
to reach a greater number of mothers. The questionnaire assessed mothers’ sleepiness 
and contributing factors, as well as the mothers’ driving. The items included in the 
questionnaire were selected based on the literature reviewed in Chapter 2 as well as 
findings from Study 1. All items related to the past week in the mothers’ lives. This 
timeframe was chosen due to potential difficulty of accurately recalling a longer 
timeframe; it also allowed comparisons of results between this study and Study 1. 
3.5.2.1. Study 2a—Sleepy driving 
Study 2a presents the data regarding postpartum mothers driving behaviour 
within the prior week, including sleepiness whilst driving. In addition, this study 
incorporated quantitative assessment of postpartum mothers’ attitudes toward 
avoiding sleepy driving, and investigation of strategies to avoid sleepy driving. Three 
of the research questions posed within the elicitation research step were addressed 
within this study. The research questions and the respective IMB model construct 
addressed are:  
RQ1: What are the characteristic patterns of mothers’ driving during the 
postpartum period? (preventative information) 
RQ3: What are the mothers’ attitudes towards avoiding sleepy driving? 
(preventative motivation) 
RQ4: What strategies to avoid sleepy driving are most feasible for 
postpartum mothers? (preventative behavioural skills) 
Mothers’ driving occurrence was assessed, including time of day, as well as 
average sleepiness as assessed using the KSS. Sleepy driving incidents were also 
questioned. In order to determine the perceived seriousness of sleepy driving, 
mothers’ driving safety concerns were assessed. To gain insight into perceived 
susceptibility of sleepy driving incidents, sleepy driving cognitions were assessed. 
To gain data to inform the development of the information program, assessment was 
undertaken of perceived effectiveness, actual usage, and intentions to use a range of 
sleepy driving countermeasures.  
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3.5.2.2. Study 2b—Sleepiness 
Study 2b presents the data regarding postpartum sleepiness and associated 
factors. These included biological factors, such as maternal and infant sleep, as well 
as psychosocial factors. One research question posed within the elicitation research 
step was addressed within this study. The research question and the respective IMB 
model construct addressed are: 
RQ2: What are the common characteristics of maternal postpartum 
sleepiness? (preventative information) 
The key variables assessed were mothers’ sleepiness, and then potential 
contributing factors within biological factors, psychological factors, social factors as 
well as maternal behaviours. The variables assessed within these areas were chosen 
based on suggestions in the literature as well as results from Study 1. The KSS and 
ESS were both used to assess mothers’ sleepiness. This allowed for comparisons to 
be made between the results of this study and Study 1. There were a limited number 
of scales already developed assessing most of these variables. Therefore, items used 
in the questionnaire completed in Study 1 were used where appropriate and the 
remaining variables had items purposely developed for the assessment.  
3.5.3. Study 3: Development, piloting and evaluation of the information 
program 
The results of both Study 1 and Study 2 informed the design of the information 
program, focusing on both postpartum sleepiness and driving, with the objective of 
preventing mothers from sleepy driving during the postpartum period. The study 
involved developing and piloting an information program that expectant mothers 
could complete in preparation for the arrival of their baby. The information program 
consisted of six modules to be viewed on a computer screen, most likely in the 
comfort of their own homes, which could be completed in one sitting or separate 
sittings. There were two knowledge areas targeted in the program and assessed via 
pre- and post-program assessment; the two knowledge areas were postpartum 
sleepiness and sleepy driving. The study also measured intention to implement 
strategies to avoid sleepy driving and reduce sleepiness, as well as confidence in 
implementing the strategies. An overview of the design of Study 3 is presented in 
Figure 3.5. 
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Figure 3.5. Study 3 design 
3.5.3.1. Information Program 
Development of the program fell within the intervention development and 
implementation step of the IMB model. The Introduction module targeted 
preventative motivation, both personal and social norms, by presenting evidence-
based information about postpartum mothers’ experiences. To convey 
comprehensive preventative information about postpartum sleepiness and its 
contributing factors, the biological, psychological and social factors were presented 
across three modules. Additionally, all modules presented strategies that could act as 
preventative behavioural skills. A single module presented preventative information 
about sleepy driving risks, signs and effective avoidance strategies. Strategies to 
assist mothers in making appropriate considerations before and during driving, and 
that could act as preventative behavioural skills, were provided.  
3.5.3.2. Evaluation 
Evaluation of the program fell within the evaluation research step of the IMB 
model. The key components assessed in the evaluation were actual knowledge 
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change and perception of knowledge improvement (preventative information). Brief 
assessment of intention to implement strategies (preventative motivation) as well as 
self-efficacy of implementing strategies (behavioural skills) were also undertaken. 
An assessment was developed, which was utilised both pre- and post-program 
completion, to assess mothers’ knowledge. The assessment included two knowledge 
areas, they were sleepy driving, and postpartum sleep and sleepiness. The driving 
assessment measured knowledge regarding sleepy driving risks, signs and effective 
avoidance strategies. The sleepiness assessment measured knowledge regarding 
postpartum sleepiness, general sleep, infant sleep and maternal sleep. Assessment of 
intention to, and self-efficacy of performing behavioural skills was via the post-
program feedback. The three research questions posed within the evaluation 
research step of this research were addressed within this study. The research 
questions and the respective construct they were informing were:  
RQ5: Does mothers’ knowledge improve from before to after program 
completion? (preventative information) 
RQ6: Do mothers intend to implement strategies to avoid sleepy driving? 
(preventative motivation) 
RQ7: How confident were the mothers in their ability to implement 
strategies to avoid sleepy driving? (preventative behavioural skills) 
3.6. Chapter summary 
This chapter explained the theoretical underpinnings of the program of 
research. That is, the IMB model, which includes the constructs of preventative 
information, motivation, and behavioural skills. This model also suggests three steps 
towards the progression of an intervention that targets a health behaviour to be 
prevented, which within this program of research was avoiding sleepy driving. The 
three steps are (1) elicitation research; (2) intervention development and 
implementation; and (3) evaluation research.  
The aims of the study were detailed and include: 
1. Identify information about sleepy driving prevalence, motivational 
factors regarding sleepy driving avoidance, and feasible behavioural 
skills for avoiding sleepy driving specifically focused on postpartum 
mothers.  
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2. Contribute to the development of an intervention to reduce the risk 
of postpartum mothers sleepy driving, with a focus on the inclusion 
of empirical-based and population-specific preventative information. 
3. Evaluate the intervention, focusing on the information construct.  
The six research questions developed to address the research aims, which were: 
RQ1: What are the characteristic patterns of mothers’ driving during the 
postpartum period? 
RQ2: What are the common characteristics of maternal postpartum 
sleepiness? 
RQ3: What are the mothers’ attitudes towards avoiding sleepy driving? 
RQ4: What strategies to avoid sleepy driving are most feasible for 
postpartum mothers? 
RQ5: Does mothers’ knowledge improve from before to after program 
completion? 
RQ6: Do mothers intend to implement strategies to avoid sleepy driving? 
RQ7: How confident were the mothers in their ability to implement 
strategies to avoid sleepy driving? 
The three research studies designed to address the research questions, and thus 
the research aims have been outlined, which were: 
Study 1: In-depth Investigation of Postpartum Driving and Sleepiness 
Study 2: Questionnaire-based assessment of Postpartum Driving and 
Sleepiness 
Study 3: Development, Piloting and Evaluation of the Information Program 
The following chapter describes Study 1, with a focus on the quantitative data 
gathered during the prospective assessments of mothers’ sleep and driving, across 
four time points within the postpartum period.  
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Chapter 4: Study 1a—Quantitative Data 
4.1. Introduction 
Chapter 3 provided the theoretical stance for the present program of research 
and described the overall design of the research. This chapter presents information 
regarding initial investigations within the elicitation research step of the IMB model. 
Specifically, the quantitative data, relating to both sleepy driving and postpartum 
sleepiness, obtained within Study 1 is presented in the current chapter. Chapter 5 will 
then present the qualitative data obtained within Study 1 (also within elicitation 
research).  
4.1.1. Sleepy driving in the postpartum period 
As a nation, Australia relies heavily on driving and accessibility to vehicles 
appears to be increasing. In all states and territories, the number of registered 
passenger vehicles increased between 2006 and 2013 to 597 vehicles registered per 
1,000 people (Australian Bureau of Statistics, 2013a). In 2012, 88% of Australians 
used motor vehicles to go shopping or visit family and friends, suggesting a high 
reliance on driving for everyday activities (Australian Bureau of Statistics, 2013a). 
Even though driving is a common behaviour for Australian adults, there are limited 
studies that have assessed driving behaviour in the subpopulation of postpartum 
mothers. The common experience of increased sleepiness in the postpartum period 
also suggests a need to assess postpartum mothers’ driving. That is, as sleepy driving 
is now recognised as a serious safety issue (Drobnich, 2005) it would be valuable to 
investigate postpartum mothers’ exposure to the driving task, particularly during 
times of increased sleepiness, to reduce potential safety risks.  
As highlighted in the literature review, within sleepy driving research there 
have been investigations of its occurrence in at risk populations. Even though 
research into postpartum mothers’ driving is lacking, there have been preliminary 
investigations regarding the neurobehavioural deficits associated with postpartum 
sleepiness. Insana and Montgomery-Downs (2013) found that postpartum mothers 
showed more neurobehavioural impairment than fathers, as well as control women. 
In addition, McBean and Montgomery-Downs (2013) found that postpartum 
mothers’ neurobehavioural performance impairment differed with the mothers’ sleep 
timing. To date, there have only been two studies investigating postpartum sleepiness 
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and sleepy driving. Armstrong et al. (2014) found postpartum mothers were 
experiencing fragmented sleep and enduring sleepiness, and in turn a high proportion 
of driving journeys were undertaken with high sleepiness ratings (using KSS) 
particularly early in the postpartum period. Malish et al. (2015) found that within 
their sample of postpartum parents 30% experienced daytime sleepiness, 22% 
experienced at least one near miss incident and 5.6% reported a crash. 
Prior research has identified that sleepy driving incidents can occur during 
short journeys (e.g., Armstrong et al., 2008). In addition, a large telephone survey 
found that fatigue-related incidents were more likely reported by females than males 
when close to home and when driving shorter distances (Armstrong et al., 2009). 
Thus, it would be valuable to determine postpartum mothers’ habitual driving 
behaviour, such as when and why they are driving. In particular, it would be 
beneficial to identify if mothers are driving during times signified by high sleepiness. 
That is, during late night and early morning hours as well as the afternoon diurnal dip 
(Van Dongen et al., 2012). Establishment of this information is required to inform 
the development of effective behavioural strategies for avoiding sleepy driving in the 
postpartum period. Therefore, this study assessed postpartum mothers’ driving 
behaviour in conjunction with their sleepiness.  
4.1.2. Postpartum sleepiness 
The review of the literature in Chapter 2 indicated that the postpartum period is 
a time of increased sleepiness and/or fatigue for a large proportion of mothers. This 
increased sleepiness is a key factor underlying postpartum sleepy driving safety risk. 
Thus, focusing on postpartum sleepiness reduction could contribute to sleepy driving 
safety risk reduction, as well as benefit other health issues associated with sleepiness.  
Within the literature review a high variability in the magnitude, and of the 
duration, of postpartum fatigue and sleepiness was found. The use of differing 
assessment methods has contributed to inconsistency of these estimates within the 
literature. For example, the comprehensive 30-item Fatigue Continuum Form (FCF) 
has been used (Rychnovsky & Hunter, 2009), and contrasts with a single item rating 
scale (Dennis & Ross, 2005). The 8-item Epworth Sleepiness Scale has also been 
used with postpartum mothers (e.g., Insana & Montgomery-Downs, 2010), which 
provides a more comprehensive assessment than a single item but is less taxing on 
the participant than the (FCF). There is also a lack of clarity around the terms fatigue 
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and sleepiness within this literature. A number of studies used the term fatigue, when 
the measures may be better understood as measures of sleepiness (e.g., Gardner, 
1991). To bring clarity to this problem, an objective of Study 1a was to add to 
knowledge of the duration of postpartum sleepiness. 
Another objective of this study was to identify the determinants of postpartum 
sleepiness, which could potentially allow identification of ways to reduce it. Due to 
the physiological nature of sleepiness, the most common contributing factor 
investigated has been maternal postpartum sleep (particularly sleep duration or 
quantity). There is a lack of consensus about the quantity of sleep generally 
experienced in the postpartum period. Some research has suggested that mothers may 
experience reduced sleep duration in the postpartum period (e.g., Gay et al., 2004). 
Other studies have suggested that mothers obtain an amount of sleep similar to that 
achieved by the general population and by their pre-birth selves (e.g., Bei et al., 
2010).  
There is a robust consensus that maternal postpartum sleep is fragmented 
(Dennis & Ross, 2005; Insana & Montgomery-Downs, 2013; Sinai & Tikotzky, 
2012). That is, maternal postpartum sleep is typically characterised by an increased 
number of night-time awakenings, commonly attributed to attending to their infant, 
resulting in numerous discrete sleep bouts across the night rather than one 
consolidated sleep period. Lee and Zaffke (1999) found that fatigue was related to 
fragmented sleep at 1 month and 3 months postpartum as measured by objective 
home polysomnography (PSG) for two consecutive nights, and by the VAS fatigue 
items. Also more recently, Rychnovsky and Hunter (2009) identified a significant 
relationship between postpartum sleep fragmentation and daytime fatigue at 2 and 6 
weeks postpartum. Even though differing measures have been used to identify this 
relationship, relatively consistent results have been identified. 
In a manner similar to that found for postpartum sleepiness, the lack of 
consensus regarding typical postpartum sleep is potentially due to variability in 
assessment practices. For example, the number of consecutive days assessed and the 
time-points within the postpartum period chosen vary greatly across studies. Asking 
for subjective reports of a single night’s sleep or objectively assessing sleep for two 
nights has questionable accuracy and sensitivity for a population with high levels of 
sleep fragmentation. Better measurement stability can be provided by measuring 
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mothers’ sleep prospectively for at least one consecutive week (Morgenthaler et al., 
2007). Sleep assessment periods also need to align with sleepiness assessment.  
A large number of observational studies have used sleep diaries; however, due 
to technological advances in the past two decades, objective assessment of sleep-
wake behaviour using actigraphy is now affordable and practical. Stable sleep-wake 
patterns can be established with one week of actigraphy data (Morgenthaler et al., 
2007). Using actigraphy, maternal postpartum sleep duration (total sleep time) has 
been found to be associated with postpartum sleepiness (assessed via ESS) at 11 
weeks postpartum (Insana & Montgomery-Downs, 2010) as well as at 2 weeks, 7 
weeks and 13 weeks postpartum (Insana et al., 2011). Further establishment of 
accurate maternal postpartum sleep patterns would add valuable knowledge to this 
field.  
4.1.3. IMB model focus 
This study formed the first part of the elicitation research step in the IMB 
model approach, to provide knowledge within the preventative information construct. 
Specifically, the focus was gathering empirical-based information about sleepiness 
and driving in the postpartum period that could be translated into accurate and 
educational information for perinatal mothers in the future. 
4.1.4. Research questions 
This study was an in-depth investigation of maternal postpartum driving, 
including sleepy driving, as well as postpartum sleepiness and potential contributing 
factors. The study adopted a longitudinal design in order to obtain assessments at 
four time points across the first six postpartum months. The study used prospective 
measurement of driving journeys and reporting of sleepiness ratings, as well as 
prospective measurement of objective and subjective sleep behaviours. Therefore, 
the study addressed two research questions: 
RQ1: What are the characteristic patterns of mothers’ driving during the 
postpartum period? 
RQ2: What are the common characteristics of maternal postpartum sleepiness?  
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4.2. Method 
4.2.1. Participants  
Preventing postpartum mothers from engaging in sleepy driving was the 
purpose of this research project, with a focus on sleepiness associated with caring for 
an infant. Therefore, a number of exclusion criteria were employed to reduce the 
likelihood that any fatigue experienced by the mothers could have been from other 
factors that are known to cause fatigue in mothers during the postpartum period. 
4.2.1.1. Exclusion criteria 
The following exclusion criteria were employed.   
Mothers who gave birth to multiple children  
Giving birth to multiple children at one time places large physical demands on 
a mother’s body and recovery from giving birth to multiple children may take 
significantly longer than birth of a single child. 
Mothers who gave birth via caesarean method  
The current best practice states that the body takes approximately six weeks to 
recover after giving birth via caesarean method (The Royal Australian and New 
Zealand College of Obstetricians and Gynaecologists, 2012), thus fatigue levels in 
these mothers would be confounded by recovery from childbirth. Additionally, 
mothers who deliver via this method are commonly advised by medical professionals 
to refrain from driving during the initial postpartum weeks (e.g., for the first six 
weeks postpartum). Thus, this criterion was employed to ensure that driving data 
could be obtained by all participants during the first assessment period. 
Mothers diagnosed with anaemia 
Anaemia has been reported to be associated with fatigue (Corwin & Arbour, 
2007). 
Mothers diagnosed with hypothyroidism 
One of the symptoms of hypothyroidism is fatigue (Corwin & Arbour, 2007), 
thus it would not be possible to distinguish the fatigue experienced due to caring for 
the infant or due to hypothyroidism.  
Mothers who developed postpartum infections linked to fatigue 
Recovery from infections place strain on the body and often result in fatigue. 
One large, comprehensive study reported endometriosis, urinary tract infection and 
mastitis as the most frequent postpartum infections (Yokoe et al., 2001). 
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Mothers who had possibly experienced a major depressive episode 
One of the symptoms for a Major Depressive Episode in the American 
Psychiatric Association’s Diagnostic and Statistical Manual of Mental Disorders 
(DSM-IV-TR) (2000) is fatigue, thus it would be unclear whether fatigue 
experienced by mothers with depressive symptomology is related to the experience 
of caring for their child or rather a depressive episode they experienced or were 
currently experiencing.  
4.2.1.2. Final sample 
Twenty-three mothers-to-be who indicated their interest in participating in the 
study via response to a media release advertising the project, and met the inclusion 
criteria, were recorded as potential participants. Three were excluded post-birth as 
they required emergency caesareans. Twenty mothers who gave birth between April 
and September 2011 participated in the study; however as previously mentioned, one 
mother had a large amount of missing data and was not included in the statistical 
analyses. Thus the final sample included 19 mothers. Detailed recruitment 
information is provided in Section 4.2.3.1. 
4.2.2. Materials  
This study used an exploratory mixed-methods approach, and a range of 
materials were utilised to gather a breadth of information from the participants.  
4.2.2.1. Driving Diary 
Using a 24-hour calendar, the mothers indicated any driving episodes they 
undertook and notated them with their sleepiness level using the Karolinska 
Sleepiness Scale (KSS; Åkerstedt & Gillberg, 1990), which employs a 9-point scale 
(1 = very alert to 9 = very sleepy). The participants were asked to complete the diary 
(example provided in Appendix A) for seven consecutive days during postpartum 
weeks 6, 12, 18 and 24.  
4.2.2.2. Sleep diary 
The sleep diary used in this study was previously designed and utilised in a 
pilot study conducted prior to this research program (Armstrong et al., 2014). The 
participants were asked to complete the diary for seven consecutive days. On a 24-
hour scale, the participants indicated any time they were asleep (including naps) for 
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each day (example provided Appendix B). The KSS was included in the diary, and 
mothers indicated their sleepiness during each day.  
4.2.2.3. Actigraphy 
Actigraphs are unobtrusive devices used for assessing sleep and wake periods 
based on a person’s activity levels. The Actiwatch®-2 model was used in this study, 
which is a similar shape and size to a wrist watch (image provided in Appendix C). 
The mothers were asked to wear the actigraph on their non-dominant wrist for the 
entirety of each assessment period, including in the shower.  
4.2.2.4. Questionnaire  
The mothers were requested to complete a questionnaire on the seventh day of 
each assessment period. The questionnaire obtained demographic information, as 
well as information about infant feeding, leave from work arrangements, and current 
level of support with infant care (Appendix D). Sleep propensity was assessed by the 
Epworth Sleepiness Scale (ESS; Johns, 1991), by posing eight everyday scenarios 
and asking respondents to indicate their likelihood of falling asleep on a 5-point scale 
(0 = would never doze to 4 = high chance of dozing; Items 30 to 37 in Appendix D). 
The mothers also indicated how frequently they believed fatigue and sleepiness 
affected them in four aspects of their lives on a 6-point scale (1= everyday, 2 = a few 
days a week, 3 = once a week, 4 = a few days a month, 5 = rarely, 6 = never). 
4.2.3. Procedure  
Ethical clearance for this study was obtained from the University Human 
Research Ethics Committee (Project No. 1100000402) prior to recruitment.  
4.2.3.1. Recruitment 
In conjunction with the University Media Department, a media release was 
developed and disseminated calling for participants. The media release contained 
information regarding the purpose of the research, as well as brief descriptions of the 
participants sought and participation requirements. An approach email, with similar 
information to the media release, and accompanying Participant Information Sheet 
were also developed and disseminated to University email distribution lists and 
industry contacts. A print advertisement was also developed and appeared once in 
two South-East Queensland local newspapers. The media release, approach email, 
and print advertisement directed interested expectant mothers to a webpage within 
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the Research Centre’s Participate in Research section and allowed mothers to 
complete an online contact form or obtain the researcher’s contact details.  
Expectant mothers interested in participating in the study contacted the 
researcher via email or by completing the online contact form. The researcher 
arranged an appropriate time to conduct the telephone screening interview to explain 
further details about the study and to ensure the expectant mother met the inclusion 
criteria. For those mothers that met the inclusion criteria and were still interested in 
participating in the study, the researcher took down contact details and the baby’s 
due date. After each mother’s due date, the researcher contacted the mother to 
determine whether she was still interested in the study and if she still met the 
inclusion criteria.  
4.2.3.2. Data collection 
There were four quantitative data collection time points at 6, 12, 18, and then 
24 weeks postpartum. During each assessment period the mothers completed the 
driving diary and sleep diary for seven consecutive days as well as wore an 
actigraph, whilst in their own home. The participants were instructed to complete the 
questionnaire on the seventh day of each assessment period. The mothers were sent 
the materials for one assessment period at a time, with the materials sent one week 
beforehand and included a post-paid return envelope for the return of the materials 
when the assessment period was complete. Contained within the materials for the 
first assessment period was a calendar detailing when each assessment period would 
take place. Within each subsequent set of materials the mothers obtained instructions 
about the dates for the current assessment period. After the materials were returned 
for each assessment, the principal researcher sent out a $20 department store gift card 
to the mother. 
4.2.3.3. Data cleaning 
Due to the mixed methods used in this study there was a range of data 
treatment activities employed before analysis of the data was undertaken. Data 
treatment for each of the data collection methods is described below. 
Driving Diary  
Driving data was extrapolated from the diaries and entered into Microsoft 
Excel for data manipulation into appropriate formats to allow analysis in the 
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Statistical Package for the Social Sciences (SPSS Version 21). For each journey, the 
starting time as well as the corresponding KSS score was recorded. The starting time 
of each journey was entered as the closest 15-minute interval (e.g., 6:15). During 
each week there were a small number of journeys recorded without a corresponding 
KSS score. These journeys were included in the analysis regarding general driving 
behaviour, but could not be included in the sleepy driving data.  
In order to make sleepy driving time of day comparisons, the driving episodes 
were grouped into five time ranges. The time ranges were 6:00 am to 10:59 am; 
11:00 am to 1:59 pm; 2:00 pm to 3:59 pm; 4:00 pm to 8:59 pm; and 9:00 pm to 5:59 
am. These ranges were chosen in order to distinguish between the periods of 
physiological high versus low alertness (i.e., expected high alertness between 6:00 
am and 10:59 am versus low alertness between 9:00 pm and 5:59 am). 
To allow identification of concerning sleepiness levels during driving journeys, 
KSS scores were collapsed into low KSS and high KSS scores. A KSS score of 5 or 
above has been previously shown to be associated with exponential increase in 
vehicle crash risk (Åkerstedt et al., 2008). As such, scores of 1 to 4 were classified as 
low KSS, and scores of 5 to 9 were classified as high KSS.  
Questionnaire  
The questionnaire assessed sleep propensity via the ESS, which was scored as 
per instructions. ESS scores between 0 and 10 fall within the normal range and 
scores greater than 10 represent excessive daytime sleepiness (EDS; Johns & 
Hocking, 1997). In the questionnaires, the mothers indicated how frequently they 
believed fatigue and sleepiness affected them through a number of aspects. These 
items used straightforward Likert scales and did not require data manipulation. 
Sleep diary  
Two forms of data were collected via the sleep diary that required data 
treatment in individual ways; the two forms were sleepiness and sleep data. The 
following descriptions of data treatment were undertaken for each participant. Due to 
attrition and missing data the sample sizes for weeks 6, 12, 18 and 24 were 19, 19, 
18, and 14 respectively.   
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Mothers’ sleepiness. 
Daily sleepiness was assessed with the KSS. Participants’ weekly KSS score 
was calculated as their mean score across the week. Participants were required to 
have provided their KSS for at least four days for a mean score to be calculated. 
Mothers’ and infants’ sleep.  
Sleep data were extrapolated from the diaries and entered into Microsoft Excel. 
The times when a participant transitioned from sleep to wake as well as wake to 
sleep were recorded for each sleep period. Data manipulation was then undertaken to 
obtain variables that could be analysed in SPSS. The variables calculated were 
longest sleep period (LSP), total sleep time (TST), and number of nocturnal sleep 
bouts (NocSB). LSP data was determined by extrapolating the longest continuous 
sleep bout across the assessment period and it was presented in hours and minutes 
(e.g., 4:45). For ease of interpretation, TST was calculated as the mean level of daily 
sleep and presented in hours and minutes (e.g., 7:12). NocSB was calculated as the 
mean number of sleep bouts occurring between or across the hours of 10 pm to 6 am 
(e.g., 3.12). For calculation of TST and NocSB variables, participants were required 
to return data from at least 5 days to obtain scores on these variables. 
Actigraphy 
Upon completion of each assessment period, the raw actigraphy data was 
downloaded from the devices into Actiware (Philips Respironics; actigraphy data 
analysis program). The in-built algorithm, based on the level of activity and light 
recorded was used to score each 1-minute epoch as sleep or wake. To obtain the 
sleep bouts for the participants, the data was hand-scored using visual inspection of 
the data, in conjunction with the sleep diary completed by the participant. This 
method of hand scoring is line with current practice (e.g., Montgomery-Downs et al., 
2010). Utilising the automated scoring of sleep and wake periods within Actiware 
was not appropriate as the program attempts to create only a single sleep period 
across the night. For most of the assessment periods the participants in this study 
experienced multiple sleep bouts across each night. After the sleep bouts of the 
participants were scored, the data were exported to Microsoft Excel to allow further 
manipulation of the data to obtain derivative variables. The variables obtained from 
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these data were longest sleep period (LSP), total sleep time (TST), number of 
nocturnal sleep bouts (NocSB), sleep efficiency (SE) and sleep quality (SQ). 
LSP was determined by extrapolating the longest continuous sleep bout across 
the assessment period. TST was calculated as the mean level of daily sleep for the 
assessment period. NocSB was calculated as the mean number of sleep bouts 
occurring between or across the hours of 10 pm to 6 am during the assessment 
period. SE captured the efficiency of sleep across the night. SE was calculated as the 
percentage of minutes across the night classified as being part of a sleep bout per 
night, with higher scores indicating higher efficiency. The SE variable data was the 
mean percentage across the assessment period. SQ captured the efficiency of sleep 
within sleep bouts, and was calculated as the percentage of 1-minute epochs 
classified as sleep (using the medium-sensitivity setting in the Actiware software 
algorithm) within sleep bouts, with higher scores indicating higher sleep quality. The 
SQ data was the average percentage identified across the assessment period. For 
calculation of these variables, participants were required to have data for 5 days to 
obtain scores. Once values were obtained for each participant the data was 
transferred to SPSS for statistical analyses. 
Due to attrition, technology malfunctions, and compliance issues, complete 
useable data was only obtained from 11 mothers during weeks 6, 12 and 18. Of these 
mothers, only eight had complete data for week 24. Repeated measures analyses 
were used, and required complete data for each assessment period. Therefore, the 
statistical analyses were undertaken with the first three assessment periods with the 
complete data from the available 11 participants. 
4.3. Results  
4.3.1. Demographics 
The mean age of the mothers when their child was 6 weeks old was 30 years 
(SD = 3.92 years). The age range of the sample was 25 to 38 years. The mean 
number of estimated hours spent driving per week before their baby was born was 
8.03 hours (SD = 4.47; Range = 1.5 to 15). All mothers resided in urban areas. 
To quantify the extent of each participant’s primary carer role, the level of 
night-time infant care assistance was assessed. At 6 weeks postpartum 16% of the 
mothers did not have assistance with the night-time care of their infant, and this rose 
to approximately 30% during the subsequent assessment periods. The remaining 
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mothers for each assessment period indicated they received help from their partner. 
At 6 weeks postpartum 37% received help every night and 26% received help one to 
two times a week. During subsequent assessment periods there was a trend toward a 
slight reduction in the frequency of help received. Sample demographics are 
presented in Table 4.1. 
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Table 4.1  
Study 1a Sample Demographics  
Demographic No. of mothers % of sample M (SD) Range 
Primiparous 7 37%   
Married/cohabiting 19 100%   
Completed Bachelor Degree or higher 14 74%   
On maternity leave a b  15 79% 9.3 (3.2) 4.0 – 14.0 
Exclusively breastfeeding      
6 weeks postpartum 14 74%   
12 weeks postpartum 15 79%   
18 weeks postpartum 10 56%   
24 weeks postpartum 3 21%   
Alcohol consumption c     
6 weeks postpartum 9 47% 2.0 (1.1) 1.0 – 4.0 
12 weeks postpartum 12 63% 2.5 (2.6) 0.5 – 10.0 
18 weeks postpartum d 11 61% 2.4 (1.8) 0.5 – 7.0 
24 weeks postpartum 8 57% 3.0 (1.4) 0.5 – 5.0 
Note. a At start of assessment. b Leave reported in months. c Consumption reported in standard drinks. d One person did not report consumption 
level. 
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4.3.2. Driving frequency and time of day 
There were 177 driving journeys undertaken by the mothers at 6 weeks 
postpartum, and this number increased to 248 driving episodes at 12 weeks 
postpartum (as shown in Table 4.2).  Notably, there was a wide range in the number 
of driving journeys recorded by the mothers during each assessment period. This 
suggests that some mothers did not drive often, and other mothers drove regularly. A 
repeated measures ANOVA was conducted on the 18 participants with complete data 
for the first three assessment periods. The number of driving journeys did not differ 
significantly across the first three assessment periods, even though a large effect size 
was identified (Wilks’ Lambda = .70, F(2, 16) = 3.50, ns, p2 = .30).  
Table 4.2  
Descriptive Statistics of Number of Driving Journeys for each Assessment Period 
 Assessment Period 
Driving episodes Week 6a Week 12b Week 18c Week 24d 
Total number 177 248 216 163 
Mean 9 13 12 12 
Median 11 13 9 13 
Range 1 - 20 3 - 29 2 - 26 1 - 26 
Note. an = 19. bn  = 19. cn = 18. dn = 14. 
Table 4.3 displays the breakdown of driving journeys by time of day. The 
mothers drove the least between the hours of 21:00 and 05:59 during all assessment 
periods. During week 6, a notably higher proportion of driving journeys were 
undertaken between 06:00 and 10:59 than at other times during the day (as indicated 
in boldface in the table). However, this finding dissipated in the subsequent 
assessment periods. During all assessment periods, over half of the driving journeys 
were undertaken between 06:00 and 13:59. 
  
 Chapter 4: Study 1a—Quantitative Data 93 
Table 4.3  
Number (and Percentage) of Driving Journeys by Time of Day for each Assessment 
Period 
 Assessment Period 
Time range Week 6a Week 12b Week 18c Week 24d 
21:00 – 05:59 6 
(3.4%) 
3 
(1.2%) 
3 
(1.4%) 
5 
(3.1%) 
06:00 – 10:59 69 
(39.0%) 
79 
(31.9%) 
64 
(29.6%) 
37 
(22.7%) 
11:00 – 13:59 40 
(22.6%) 
69 
(27.8%) 
49 
(22.7%) 
48 
(29.4%) 
14:00 – 15:59 32 
(18.1%) 
45 
(18.1%) 
53 
(24.5%) 
40 
(24.5%) 
16:00 – 20:59 30 
(16.9%) 
52 
(21.0%) 
47 
(21.8%) 
33 
(20.2%) 
Total 177 
(100.0%) 
248 
(100.0%) 
216 
(100.0%) 
163 
(100.0%) 
Note. an = 19. bn  = 19. cn = 18. dn = 14. 
4.3.3. Sleepy driving prevalence and time of day 
As shown in boldface in Table 4.4, the most prevalent KSS score during 
assessment periods 6, 18 and 24 was 3 (representing alert) and during week 12 was 2 
(falling between alert and very alert). However, the proportion of journeys with 
these KSS ratings (20.6%, 24.0%, 35.1%, and 22.4% in sequential week order) 
suggests that there was still a notable proportion of driving journeys with alternative 
KSS ratings. However, across all assessment time periods a small proportion of the 
driving journeys were undertaken with KSS scores of 8 or 9 (representing very 
sleepy). 
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Table 4.4  
Number (and Percentage) of KSS Ratings for Each Assessment Period 
 Assessment Period 
KSS rating Week 6a Week 12b Week 18c Week 24d 
1 8 
(4.7%) 
12 
(4.9%) 
3 
(1.5%) 
12 
(7.5%) 
2 21 
(12.4%) 
59 
(24.0%) 
44 
(21.5%) 
24 
(14.9%) 
3 35 
(20.6%) 
57 
(23.2%) 
72 
(35.1%) 
36 
(22.4%) 
4 29 
(17.1%) 
36 
(14.6%) 
27 
(13.2%) 
32 
(19.9%) 
5 25 
(14.7%) 
32 
(13.0%) 
21 
(10.2%) 
28 
(17.4%) 
6 26 
(15.3%) 
21 
(8.5%) 
21 
(10.2%) 
10 
(6.2%) 
7 21 
(12.4%) 
23 
(9.3%) 
7 
(3.4%) 
11 
(6.8%) 
8 4 
(2.4%) 
4 
(1.6%) 
8 
(3.9%) 
8 
(5.0%) 
9 1 
(0.6%) 
2 
(0.8%) 
2 
(1.0%) 
0 
(0.0%) 
Total 170 
(100.0%) 
246 
(100.0%) 
205 
(100.0%) 
161 
(100.0%) 
Note. an = 19; 7 KSS ratings missing. bn = 19; 2 KSS ratings missing. cn = 18; 11 
KSS ratings missing. dn = 14; 2 KSS ratings missing. 
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The KSS ratings were collapsed into low (1 – 4) and high (5 – 9) ratings as 
previously described in Section 4.2.3.3. Of concern, almost half (45.3%) of the 
driving journeys during assessment period 6 were denoted with a high KSS rating. 
However, there was an improvement during the remaining three assessment periods 
as the proportion of driving journeys denoted with a high KSS score reduced to 
approximately one third (33.3%, 28.8% and 35.4% respectively).  
Table 4.5 displays the breakdown of low versus high KSS driving journeys by 
time range for each assessment period. As can be seen, during the day (06:00 – 
15:59) there were greater proportions of driving journeys denoted with a low KSS 
rating than a high KSS rating during all assessment periods. This is a positive 
finding; however, during assessment period 6 it was notable that almost one-third 
(31.1%) of the driving journeys were undertaken during the day and denoted with a 
high KSS rating. During assessment periods 6, 18 and 24, a greater proportion of 
driving journeys were denoted with a high KSS score than a low KSS score between 
21:00 and 05:59. Additionally, during assessment period 6 between 16:00 and 20:59 
there were greater high KSS ratings. However, during assessment periods 18 and 24 
between the hours of 16:00 and 20:59, the number of driving journeys denoted with 
high and low KSS ratings were similar. Interestingly, assessment period 12 recorded 
the greatest number of driving journeys as well as a higher proportion of low KSS 
ratings across most of the time ranges.  
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Table 4.5  
Number (and Percentage) of High versus Low KSS Driving Journeys by Time of Day for each Assessment Period  
 Assessment period 
 Week 6 Week 12 Week 18 Week 24 
Time range Low High Low High Low High Low High 
21:00 – 05:59 0 
(0.0%) 
6 
(3.5%) 
1 
(0.4%) 
2 
(0.8%) 
0 
(0.0%) 
3 
(1.5%) 
0 
(0.0%) 
5 
(3.1%) 
06:00 – 10:59 36 
(21.2%) 
30 
(17.6%) 
47 
(19.1%) 
31 
(12.6%) 
51 
(24.9%) 
9 
(4.4%) 
25 
(15.5%) 
12 
(7.5%) 
11:00 – 13:59 23 
(13.5%) 
16 
(9.4%) 
46 
(18.7%) 
23 
(9.3%) 
38 
(18.5%) 
10 
(4.9%) 
32 
(19.9%) 
15 
(9.3%) 
14:00 – 15:59 24 
(14.1%) 
7 
(4.1%) 
35 
(14.2%) 
9 
(3.7%) 
34 
(16.6%) 
16 
(7.8%) 
29 
(18.0%) 
10 
(6.2%) 
16:00 – 20:59 10 
(5.9%) 
18 
(10.6%) 
35 
(14.2%) 
17 
(6.9%) 
23 
(11.2%) 
21 
(10.2%) 
18 
(11.2%) 
15 
(9.3%) 
Total 170 
(100.0%) 
246 
(100%) 
205 
(100.0%) 
161 
(100.0%) 
Note. Highest proportion within the respective time range for relevant assessment period (either low or high KSS) shown in boldface.  
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4.3.4. Mothers’ sleepiness across the postpartum period 
Mothers’ sleepiness was assessed on the final day of each assessment period 
using the ESS. The mean scores are provided in Table 4.6, as well as the percentage 
of mothers classified with average sleepiness versus EDS (as explained in Section 
4.2.3.3). As suggested by the means, the average mother would be classified with 
EDS during the first two assessment periods. However, the wide variability in scores 
during each assessment period should be noted. At 6 weeks postpartum almost half 
of the mothers were classified with EDS, which rose to two-thirds at 12 weeks 
postpartum. Positively, there was a decline in the proportion classified with EDS at 
18 and 24 weeks postpartum. A repeated measures ANOVA was conducted on 
participants that had complete data for all assessment periods. The results indicated 
that there was no significant difference in ESS scores across the four assessment 
periods, however a large effect size was identified (Wilks’ Lambda = .56, F(3,10) = 
2.67, ns, p2 = .45).  
Table 4.6  
Descriptive Statistics of ESS Total Scores and EDS percentage for each Assessment 
Period 
  ESS  
 Week 6a Week 12b Week 18c Week 24d 
Mean 11.05 11.83 8.67 9.00 
SD 3.70 4.60 4.27 3.46 
Range 6 – 19  4 – 19  2 – 14  4 – 15  
Averagee 52.63% 33.33% 61.11% 64.29% 
EDSf 47.37% 66.67% 38.89% 35.71% 
Note. an  = 19. bn  = 18; missing data for one participant did not allow calculation of 
ESS total score. cn  = 18. dn  = 14. ef ESS scores between 0 and 10 fall within the 
normal range and scores greater than 10 represent EDS (Johns & Hocking, 1997).  
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In the sleep diaries the mothers were asked to rate how sleepy they felt each 
day utilising the KSS. This supplementary measure of sleepiness was undertaken to 
allow greater sensitivity to the variation, or consistency, in the mothers’ sleepiness 
across the week. The mean sleepiness scores for the sample for each assessment 
period cluster around the neither sleepy nor not sleepy point for all assessment 
periods (as shown in Table 4.7). Of note, the standard deviation slightly increased 
across the weeks, however the sample sizes need to be taken into account. It is also 
important to note the range for each week. That is, during each assessment period, 
there was one mother who on average felt alert, whereas there was also one mother 
who on average felt sleepy.  
Table 4.7  
Descriptive Statistics of Mean Daytime KSS for each Assessment Period 
  KSS  
 Week 6a Week 12b Week 18c Week 24d 
Mean 4.89 5.02 4.49 5.19 
SD 0.96 1.05 1.15 1.26 
Range 3.00 – 6.50 3.29 – 8.00 2.43 – 7.29 3.43 – 8.00 
Note. an = 19. bn = 19. cn = 18. dn = 14. 
As there was notable between-subject variability in the average daytime KSS 
scores, a more detailed breakdown of these scores was undertaken. Table 4.8 
provides the individual level data for each assessment period, as well as the 
difference between the highest and lowest average KSS for each mother. As shown 
by the standard deviations, the mothers’ daily sleepiness varied day to day across the 
assessment periods. The bolded text in the table indicates that the sleepiest week for 
each mother varied between the assessment periods, with no suggestion of one 
particular week being the most sleepy week overall. In contrast, half of the sample 
indicated that week 18 was the least sleepy week for them. Some mothers’ sleepiness 
ratings were similar across all weeks, whereas others varied by 2 or more KSS 
points.  
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Table 4.8  
Means (and Standard Deviations) of Daytime KSS by Participant for each 
Assessment Period 
 
Week 6 Week 12 Week 18 Week 24 Difference 
Participant 
M 
(SD) 
M 
(SD) 
M 
(SD) 
M 
(SD) 
between high 
and low 
P1 5.14 
(1.86) 
5.71 
(1.38) 
5.00 
(1.63) 
5.86 
(2.27) 
0.86 
P2 6.50 
(1.78) 
5.71 
(1.89) 
5.00 
(2.08) 
6.00 
(0.58) 1.50 
P3 4.86 
(1.21) 
5.43 
(2.07) 
4.71 
(1.50) 
5.14 
(1.21) 
0.72 
P4 3.71 
(1.70) 
3.29 
(1.11) 
4.14 
(1.95) 
- 0.85 
P5 3.29 
(0.76) 
5.14 
(1.57) 
2.43 
(0.53) 
3.57 
(1.51) 
2.71 
P6 6.14 
(0.69) 
4.57 
(1.72) 
4.14 
(0.69) 
3.43 
(0.53) 
2.71 
P7 5.43 
(1.13) 
4.00 
(2.31) 
3.29 
(1.50) 
- 
2.14 
P8 5.57 
(1.62) 
4.43 
(0.79) 
5.17 
(1.33) 
5.86 
(2.19) 1.43 
P9 5.57 
(1.40) 
4.43 
(1.72) 
4.14 
(0.69) 
4.57 
(1.13) 1.43 
P10 4.57 
(1.72) 
3.86 
(1.07) 
2.86 
(0.38) 
4.14 
(1.46) 
1.71 
 
P11 4.14 
(1.35) 
5.86 
(1.95) 
3.86 
(2.27) 
- 
2.00 
P12 4.60 
(1.67) 
5.50 
(1.73) 
4.33 
(1.63) 
4.57 
(1.72) 1.17 
P13 5.33 
(1.86) 
5.00 
(2.00) 
5.20 
(2.05) 
6.71 
(1.11) 1.71 
P14 4.14 
(2.19) 
5.57 
(2.82) 
4.57 
(1.72) 
4.50 
(2.66) 1.43 
P15 3.00 
(2.10) 
4.14 
(2.85) 
4.00 
(2.83) 
- 
1.14 
P16 6.00 
(2.24) 
8.00 
(0.82) 
7.29 
(1.38) 
8.00 
(1.15) 
2.00 
P17 5.00 
(0.00) 
4.57 
(2.30) 
- -  
P18 4.33 
(1.63) 
4.29 
(1.38) 
4.29 
(1.38) 
4.50 
(2.17) 
0.21 
P19 5.67 
(1.21) 
5.86 
(0.69) 
6.43 
(2.88) 
5.86 
(1.77) 
0.76 
Note. Lowest mean KSS for each participant shown in italics. Highest mean KSS for 
each participant shown in boldface.  
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Correlations were conducted with ESS scores and average KSS scores for each 
assessment period. ESS and KSS scores were not significantly correlated at 
postpartum week 6 (r(18) = -.03, ns), week 12 (r(18) = .12, ns), week 18 (r(17) = -.14, 
ns), nor week 24 (r(13) = .08, ns). This suggests that the mothers’ sleep propensity at 
the end of the week (assessed via ESS) was not significantly associated with their 
average daily sleepiness (assessed via KSS). As such, both ESS and KSS scores were 
utilised in the further analyses investigating mothers’ sleepiness. 
4.3.5. Sleepiness and fatigue impacts on functioning 
Overall, the mothers reported that lack of sleep affected them more frequently 
than fatigue during all assessment periods in regard to completing their daily tasks, 
concentration, irritability and physicality (as shown in Figure 4.1, Figure 4.2, Figure 
4.3, and Figure 4.4). On average, daily tasks were affected by sleepiness a few days a 
week during each assessment period. In comparison, fatigue impacted daily tasks 
approximately once a week during each assessment period. On average, the mothers 
reported their concentration being affected by sleepiness a few days a week during 
assessment periods 6 and 12, with a slightly lower occurrence in the subsequent 
assessment periods. However, the mothers reported fatigue affecting concentration 
only once a month on average. The mean ratings of sleepiness impacting irritability 
were similar across the four assessment periods, and indicated that the mothers were 
affected slightly less than a few days a week. Sleepiness had the least frequent 
impact on the mothers’ physicality. The mothers’ felt physically less capable due to 
lack of sleep only slightly more frequently than due to fatigue during all assessment 
periods.  
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Figure 4.1. Frequency of sleepiness and fatigue impacting daily tasks 
 
Figure 4.2. Frequency of sleepiness and fatigue impacting concentration 
 
Figure 4.3. Frequency of sleepiness and fatigue impacting irritability 
 
Figure 4.4. Frequency of sleepiness and fatigue impacting physicality 
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4.3.6. Mothers’ postpartum sleep 
The sleep diary as well as actigraphy was used to investigate mothers’ sleep in 
the postpartum period. As more complete data was obtained from the sleep diaries 
this will be presented first, followed by the actigraphy data, and then the relationship 
between the sleep variables and sleepiness. 
4.3.6.1. Sleep diary  
The following data describes three key sleep variables (calculations explained 
in Section 4.2.3.3); the variables are total sleep time (TST; average daily sleep), 
longest sleep period (LSP; longest sleep period experienced across the week), and 
nocturnal sleep bouts (NocSB; average number of sleep bouts experienced between 
22:00 and 06:00). As the mothers subjectively reported this data, they will henceforth 
be referred to as subjective sleep variables. The data is summarised in Table 4.9. 
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Table 4.9  
Descriptive Statistics of Subjective Sleep Variables for Mothers and Infants for Each 
Assessment Period 
 Mother  Infant  
 M 
(SD) 
Range  M 
(SD) 
Range  
Postpartum Week 6a       
Total sleep time 7:34 
(1:09) 
5:51 – 10:19  13:50 
(2:20) 
10:34 – 20:10  
Longest sleep period 5:29 
(1:35) 
3:00 – 9:00  6:03 
(1:41) 
3:30 – 9:00  
Nocturnal sleep bouts 2.87 
(0.61) 
1.43 – 3.86   2.90 
(0.57) 
2 – 4.14   
Postpartum Week 12b       
Total sleep time 7:33 
(0:46) 
6:25 – 9:08  13:13 
(1:37) 
9:38 – 17:25  
Longest sleep period 6:37 
(1:56) 
3:30 – 9:30  8:05 
(2:12) 
3:30 – 11:30  
Nocturnal sleep bouts 2.71 
(0.84) 
1.17 – 4.43   2.66 
(0.77) 
1.29 – 4.29   
Postpartum Week 18c       
Total sleep time 7:40 
(0:59) 
5:47 – 10:23  13:06 
(1:31) 
11:00 – 16:34  
Longest sleep period 6:42 
(2:19) 
3:00 – 11:00  8:04 
(2:32) 
4:00 – 12:30  
Nocturnal sleep bouts 2.75 
(0.83) 
1.00 – 4.71   2.87 
(0.89) 
1.14 – 4.71   
Postpartum Week 24d       
Total sleep time 7:26 
(0:51) 
6:08 – 8:47  12:21 
(1:07) 
10:12 – 14:08  
Longest sleep period 6:13 
(2:12) 
2:30 – 9:30  6:57 
(2:12) 
4:00 – 10:30  
Nocturnal sleep bouts 3.15 
(0.93) 
1.00 – 4.86   3.21 
(0.95) 
1.00 – 4.86   
Note. an = 19. bn = 19. cn = 18. dn = 14. 
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Total sleep time   
Mothers’ TST varied within the sample as seen in the ranges for each 
assessment period (displayed in Table 4.9). This is highlighted in the postpartum 
week 6 assessment period with one mother averaging less than 6 hours per night and 
another mother averaging more than 10 hours per night. A repeated measures 
ANOVA (on the 14 mothers with complete data) found that mothers’ TST did not 
significantly change across the assessment periods, with a moderate effect size 
(Wilks’ Lambda = .95, F(3, 11) = .20, ns, p2 = .05). 
Similar to mothers’ TST, the infants’ TST displayed notably wide ranges 
during all assessment periods, particularly the earlier assessment periods. As can be 
seen in Table 4.9, the means and ranges of the mothers’ TST appear to be noticeably 
lower than the infants for all weeks. Mothers did sleep significantly less than the 
infants during postpartum week 6 (t(36) = -10.44, p <.001, r = .87), week 12 (t(36) = -
13.68, p <.001, r = .92), week 18 (t(36) = -12.69, p <.001, r = .91), and week 24 (t(26) 
= -13.04, p <.001, r = .93), with very large effect sizes identified for each analysis. 
Even though mothers slept less than their infants, significant positive relationships 
were found between mother and infant TST during weeks 6 and 18 (r(18) = .49, p = 
.033, r(17) = .60, p = .009 respectively). However, mother and infant TST were not 
significantly related during weeks 12 and 24 (r(18) =.21, ns, r(13) = .26, ns 
respectively). 
Longest sleep period 
The LSP experienced by mothers varied greatly within the sample, with wide 
ranges noted across all assessment periods. During each assessment period there was 
at least one mother who did not have a sleep bout longer than a few hours. 
Contrastingly, there was at least one mother who did have a sleep bout that lasted for 
nine hours or more during each assessment period. The mothers’ LSPs did not 
significantly change across the assessment periods, even though a large effect size 
was identified (Wilks’ Lambda = .80, F(3,11) = .92, ns, p2 = .20). Similar to the LSPs 
experienced by mothers, the infants’ LSPs displayed notably wide ranges. During all 
assessment periods strong positive relationships were found between mother and 
infants’ LSPs (r(18) = .70, p = .001, r(18) = .68, p = .001, r(17) = .84, p < .001, r(13) = 
.89, p < .001, consecutively). 
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Nocturnal sleep bouts 
The NocSB experienced by mothers over the assessment periods also varied 
within the sample, as did the infants’ NocSB. During all assessment periods, a large 
proportion of the mothers had more than one NocSB, indicating they were 
experiencing fragmented sleep. Mothers’ NocSB did not significantly differ across 
the assessment periods (Wilks’ Lambda = .80, F(3,11) = .92, ns, p2 = .20). Strong, 
positive relationships were found between mothers’ NocSB and infants’ NocSB for 
all assessment periods (r(18) = .88, p < .001, r(18) = .95, p < .001, r(17) = .96, p < .001,  
r(13) = .95, p < .001 respectively).  
4.3.6.2. Actigraphy 
The variables obtained from actigraphy included the same variables as the 
sleep diaries, LSP, TST and NocSB, as well as sleep efficiency (SE; percentage of 
night-time minutes within a sleep bout) and sleep quality (SQ; percentage of minutes 
in night-time sleep bouts scored as sleep). As this data was objectively collected 
from the mothers they will be henceforth referred to as objective sleep variables. The 
data is summarised in 4.10. 
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Table 4.10  
Descriptive Statistics of Mothers’ Objective Sleep Variables for Each Assessment 
Period 
 Mother 
 M 
(SD) 
Range 
Postpartum Week 6   
Total sleep time 
 
7:08 
(0:53) 
5:36 – 8:40 
Longest sleep period 5:08 
(1:06) 
3:55 – 7:26 
Nocturnal sleep bouts 3.12  
(0.62) 
2.29 – 4.29 
Postpartum Week 12   
Total sleep time 
 
7:12 
(0:46) 
5:11 – 7:56 
Longest sleep period 6:11 
(2:17) 
3:14 – 11:35 
Nocturnal sleep bouts 2.80  
(0.68) 
1.57 – 3.86 
Postpartum Week 18   
Total sleep time 
 
7:17 
(0:36) 
6:26 – 8:06 
Longest sleep period 6:38 
(1:49) 
4:32 – 9:38  
Nocturnal sleep bouts 2.61  
(0.64) 
1.14 – 3.71 
Note. n = 11. 
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Total sleep time 
Mean TST for the sample during postpartum week 6 was just over 7 hours, 
which slightly increased over the following two assessment periods, but there was no 
significant change in TST across the assessment periods (Wilks’ Lambda = .93, F(2, 9) 
= .36, ns, p2 = .07). There was notable variability in TST during the first two 
assessment periods. However, the variability across the sample looked somewhat 
smaller during the postpartum week 18 assessment period. The lower values of the 
TST ranges highlight some mothers potentially experiencing chronic partial sleep 
restriction.  
Longest sleep period 
The objectively measured LSPs displayed a large amount of variability during 
each assessment period. During postpartum weeks 12 and 18, at least one mother 
experienced a sleep period over 9 hours, which would be considered a consolidated 
sleep period. However, as this variable identified the longest period within the 
assessment period, it does not provide an indication of the regularity of sleep periods 
of this length. The mean LSPs were lower than what is considered an adequate 
amount of sleep for most individuals. A repeated measures ANOVA found a 
significant difference between the LSP across the three time periods with a very large 
effect size (Wilks’ Lambda = .45, F(2, 9) = 5.61, p = .026, p2 = .56), with the mean 
LSP for postpartum week 18 significantly longer than week 6.  
Nocturnal sleep bouts 
The NocSB data indicates that the mothers were experiencing fragmented sleep 
during each assessment period. Mean NocSB did not significantly change over the 
assessment periods (Wilks’ Lambda = .70, F(2, 9) = 1.89, ns, p2 = .30); however, 
there was a trend of a decrease across the assessment periods. Of note, during the 
week 18 assessment period there was one mother who was close to regularly 
experiencing one sleep period per night.  
Sleep efficiency 
As shown in Figure 4.5, SE increased across the time periods (Wilks’ Lambda 
= .19, F(2,9) = 18.69, p = .001, p2 = .81), with a significant increase between week 12 
(M = 82.39%) and week 18 (M = 89.03%). As the mothers’ TST remained stable 
across the assessment periods, an increase in SE indicates that the mothers were 
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generally spending less time awake between the time they first went to bed and arose 
the following day as they progressed through the postpartum period.  
Sleep quality 
At 6 weeks postpartum, mean SQ was 93.15% (SD = 2.68%) and scores did not 
significantly change across the assessment periods, with a moderate effect size 
identified (Wilks’ Lambda = .94, F(2,9) = .28, ns, p2 = .06). There was a ceiling 
effect, suggesting that mothers’ SQ was consistently at a reasonably high level. As 
shown in Figure 4.5, the variation in SQ scores during week 18 looks notably smaller 
than the prior two assessment periods.  
 
 
Figure 4.5. Mean sleep efficiency and sleep quality by assessment period 
4.3.6.3. Relationship between objective and subjective sleep variables 
These analyses were conducted on the 11 participants who had complete sleep 
diary and actigraphy data, and were undertaken with the data for postpartum weeks 
6, 12 and 18. A series of paired samples t-tests were conducted to identify whether 
there were significant differences in the mothers’ reports in the sleep diary and 
actigraphy measurements in regard to their TST, LSP, and NocSB. 
The subjective and objective TSTs did not significantly differ during each 
assessment period, with small to medium effect sizes (t(10) = -0.73, ns, r = .22; t(10) = -
0.09, ns, r = .03; t(10) = -0.10, ns, r
 = .03; respectively). The subjective and objective 
LSPs did not significantly differ during each assessment period, with small effect 
sizes (t(10) = -0.24, ns, r = .08; t(10) = -0.21, ns, r = .07; t(10) = 0.33, ns, r = .10; 
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respectively). The subjective and objective NocSBs did not significantly differ 
during each assessment period (t(10) = .77, ns, r = .24; t(10) = .01, ns, r < .01; t(10) = -
2.2, ns, r = .57; respectively), even though a large effect size was identified in the 
postpartum week 18 analysis.  
4.3.7. Relationship between maternal postpartum sleep and sleepiness 
To assess the relationship between postpartum sleep and sleepiness, a series of 
correlations were undertaken. For the subjective sleep variables, data from all 
available participants was used for all four assessment periods. Similarly for the 
objective sleep variables, data from all available participants was used for assessment 
weeks 6, 12 and 18. The analyses were undertaken between the sleep variables with 
sleepiness as measured by the ESS, followed by analyses between the sleep variables 
with sleepiness as measured by the KSS. Correlation matrices are provided for these 
analyses for assessment week 6 (Table 4.11), assessment week 12 (Table 4.12), 
assessment week 18 (Table 4.13), and assessment week 24 (Table 4.14). The 
columns that present the associations between the sleepiness and sleep variables are 
shaded to increase the readability of these matrices.  
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Table 4.11  
Correlations between Sleepiness and Sleep Variables for the Postpartum Week 6 Assessment Period 
 1 2 3 4 5 6 7 8 9 10 
1. ESS -- -- -- -- -- -- -- -- -- -- 
2. KSS -.03 -- -- -- -- -- -- -- -- -- 
Subjective variablesa           
3. TST .04 -.34 -- -- -- -- -- -- -- -- 
4. LSP .02 -.27 .64** -- -- -- -- -- -- -- 
5. NocSB -.03 .23 -.49* -.61** -- -- -- -- -- -- 
Objective variablesb           
6. TST .02 -.12 .64* .23 -.43 -- -- -- -- -- 
7. LSP -.39 -.05 .11 .66* -.45 .24 -- -- -- -- 
8. NocSB .48 -.41 .29 -.11 .07 .09 -.68* -- -- -- 
9. SE -.54* .08 .25 .08 -.24 .60* .33 -.02 -- -- 
10. SQ -.51 -.32 .39 .49 -.73** .28 .46 -.20 .37 -- 
Note. a n = 19. b n = 11. * p < .05. ** p < .01. 
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Table 4.12  
Correlations between Sleepiness and Sleep Variables for the Postpartum Week 12 Assessment Period 
 1 2 3 4 5 6 7 8 9 10 
1. ESS -- -- -- -- -- -- -- -- -- -- 
2. KSS .12 -- -- -- -- -- -- -- -- -- 
Subjective variables           
3. TSTa -.32 -.42* -- -- -- -- -- -- -- -- 
4. LSPb .07 -.29 .53* -- -- -- -- -- -- -- 
5. NocSBb -.08 .26 -.18 -.73** -- -- -- -- -- -- 
Objective variablesc           
6. TST -.46 .18 .27 .50 -.46 -- -- -- -- -- 
7. LSP .08 .01 .39 .82** -.53* .61* -- -- -- -- 
8. NocSB -.14 .06 -.60* -.88** .68* -.61* -.81** -- -- -- 
9. SE .19 -.27 .57* .75** -.79** .48 .63* -.89** -- -- 
10. SQ -.72** .05 .10 .07 -.42 .51 .27 -.09 .02 -- 
Note. a n = 18. b n = 19.c n = 11.  * p < .05. ** p < .01.  
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Table 4.13  
Correlations between Sleepiness and Sleep Variables for the Postpartum Week 18 Assessment Period 
 1a 2 3 4 5 6 7 8 9 10 
1. ESS -- -- -- -- -- -- -- -- -- -- 
2. KSS -.01 -- -- -- -- -- -- -- -- -- 
Subjective variablesb           
3. TST .08 -.63** -- -- -- -- -- -- -- -- 
4. LSP -.12 .19 .13 -- -- -- -- -- -- -- 
5. NocSB -.07 .18 -.22 -.70** -- -- -- -- -- -- 
Objective variablesc           
6. TST -.24 -.07 .27 .16 -.20 -- -- -- -- -- 
7. LSP -.01 .03 .22 .69* -.51 .47 -- -- -- -- 
8. NocSB -.08 -.03 -.11 -.74** .89** -.31 -.53* -- -- -- 
9. SE .05 -.76**d .45 .46 -.76** .58* .58* -.77** -- -- 
10. SQ -.24 -.38 .32 .16 -.27 .76** .33 -.36 .73** -- 
Note. a ESS data were not normally distributed therefore Spearman’s Rho correlations are provided. b n = 18. c n = 11. d Scatterplot did not 
suggest a linear relationship therefore Spearman’s Rho correlation provided. * p < .05. ** p < .01.  
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Table 4.14  
Correlations between Sleepiness and Sleep Variables for the Postpartum Week 24 Assessment Period (n = 14) 
 1 2 3 4 5 
1. ESS -- -- -- -- -- 
2. KSS .08 -- -- -- -- 
Subjective variables      
3. TST -.39 -.56* -- -- -- 
4. LSP -.41 -.35 .41 -- -- 
5. NocSB .25 .68** -.24 -.33 -- 
Note. * p < .05. ** p < .01.  
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None of the subjective sleep variables were significantly correlated with ESS at 
any assessment period. However, as can be seen in Table 4.12, Table 4.13, and Table 
4.14, subjective TST was significantly correlated with KSS during postpartum weeks 
12, 18 and 24. That is, as TST increased KSS decreased. Additionally during 
postpartum week 24, KSS was significantly correlated with NocSB, with greater 
number of NocSB associated with higher KSS. 
The objective sleep variables of TST, LSP and NocSB were not significantly 
correlated with ESS during any assessment period. As shown in the above tables, 
only two objective sleep variables were significantly correlated with ESS across the 
three assessment periods. At 6 weeks postpartum ESS was significantly correlated 
with SE, with lower SE associated with higher ESS. At 12 weeks postpartum ESS 
was significantly correlated with SQ, with lower SQ associated with higher ESS. 
These two correlations demonstrated strong associations between the variables. 
Additionally, only one objective sleep variable was significantly correlated with 
KSS. At 18 weeks postpartum a significant, strong correlation was identified 
between KSS and SE, with lower SE associated with higher KSS. 
Overall the data showed no clear pattern of associations between the sleep 
variables and sleepiness as measured by both the ESS and KSS. A greater number of 
significant correlations were found between the sleep variables and KSS, than the 
sleep variables and ESS. The most consistent significant association was between 
subjective TST and KSS. All significant correlations were in the directions expected.  
4.4. Chapter Discussion 
This was the first study conducted as part of the elicitation research step in the 
IMB model. This study focused on collecting empirical data that could form the basis 
of preventative information regarding avoiding sleepy driving in the postpartum 
period. Prospective quantitative assessments were used in this naturalistic 
exploratory investigation of maternal postpartum driving, including sleepy driving, 
and postpartum sleepiness. This section summarises the results and conclusions 
offered from this study. The results from this study provided input into Research 
Questions 1 and 2.  
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4.4.1. Mothers’ driving during the postpartum period 
The findings summarised in this section, as well as the following Section 4.4.2, 
provide initial contribution towards the following research question: 
RQ1: What are the characteristic patterns of mothers’ driving during the 
postpartum period? 
Within this sample of urban mothers the mean number of driving journeys was 
9 at 6 weeks postpartum and slightly rose during the subsequent assessment periods. 
However, the frequency of driving greatly varied from mother to mother, with some 
mothers only driving a couple of times during an assessment period, and others 
driving over 20 times. In particular, the mothers who drove over 20 times during an 
assessment period demonstrated high exposure to the road environment. This high 
exposure to the road environment indicates crash risk of concern when demonstrated 
in a sample likely to be experiencing sleepiness.  
Within this sample, the mean number of driving journeys did not significantly 
differ across the first three assessment periods; however, a large effect size was 
identified. This suggests that the sample may not have been large enough to detect a 
pattern in driving behaviour that is present within the population of postpartum 
mothers. In addition, there was an increase in the total number of driving journeys 
from 6 weeks to 12 weeks postpartum. Also, 10 of the mothers reported their lowest 
number of driving journeys at 6 weeks postpartum in comparison to the other 
assessment periods. These findings suggest that some mothers may have reduced 
their driving during the first few postpartum weeks, but that any effect of a reduction 
was dissipating by the first assessment period. A reduction in driving would reduce 
exposure to the road environment and in turn crash risk.  Livingstone et al. (2009) 
identified that some postpartum mothers provided verbal reports of reducing their 
driving, thus exhibiting driving self-regulation during the postpartum period. Driving 
self-regulation has been identified in other populations, such as older adults who 
often reduce their driving exposure or avoid challenging situations such as driving at 
night (Molnar & Eby, 2008). Even though a clear effect of self-regulation was not 
identified within this study, further investigation of the number of driving journeys 
undertaken by mothers within the first six postpartum months is warranted.   
Within this study the mothers drove least during late night and early morning 
hours. This is a promising finding, in terms of sleepy driving avoidance, as this is the 
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time of day when adults are sleepiest and reaction times slow (Bratzke, Rolke, 
Ulrich, & Peters, 2007). Additionally, the majority of the driving journeys recorded 
were in the morning and early afternoon. The occurrence of a large proportion of 
driving journeys during the morning and early afternoon is another promising finding 
as this is the section of the day when adults are generally most alert (Van Dongen et 
al., 2012). Within this study no data was collected regarding the purpose of journeys 
or assessing any time of day considerations made by the mothers. Thus, from the 
results of this study it is unclear whether the mothers purposely chose to drive more 
in the morning and early afternoon. It would be valuable to identify the purpose of 
journeys to provide further insight into common driving behaviour in the postpartum 
period. 
4.4.2. Mothers’ sleepiness whilst driving during the postpartum period 
Almost half of the driving journeys during postpartum week 6 were given a 
high KSS rating. For the subsequent assessment periods, approximately one-third of 
the journeys were given a high KSS rating. As the classification of high KSS is 
associated with increased crash risk (Åkerstedt et al., 2008), this is a concerning 
finding particularly early in the postpartum period. This high proportion of high KSS 
journeys at 6 weeks postpartum could be explained if higher sleepiness was 
experienced at that point during the postpartum period and reduced during 
subsequent weeks. However, as will be discussed in Section 4.4.3., a clear reduction 
in sleepiness across the postpartum period was not identified. An alternative 
explanation is that the mothers self-regulated their driving, to drive during times of 
higher alertness, after the first 6 postpartum weeks. 
As mentioned in Chapter 2: Literature Review, Borbély’s (1982) two-process 
model postulates alertness to be high in the morning, with an afternoon dip, and 
reduced alertness with increased sleep propensity at night and during the early hours 
of the morning. Thus, the driving data within this study was considered across the 
day. For journeys during the day (between 6:00 am and 3:59 pm), there were more 
low than high KSS ratings for all assessment periods, as expected. However, there 
were still journeys with high KSS during the day, particularly at 6 weeks postpartum. 
This study only found a small proportion of driving journeys with high KSS ratings 
in the afternoon circadian dip. Goel, Van Dongen, and Dinges (2011) suggested that 
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an alertness dip in the afternoon is not experienced by all people, which provides a 
potential explanation for this finding.  
For journeys undertaken in the late night and early morning hours, the 
breakdown indicated either similar high and low KSS journeys, or more high KSS 
journeys. Identifying that high KSS journeys were prevalent during late night and 
early morning hours was in line with expectations based on the two-process model. 
This finding suggests that the mothers could often identify higher sleepiness at this 
time. Thus, it would be valuable to identify the reasons mothers drive at this time, 
particularly when self-identifying sleepiness. It is possible that informing mothers 
about the crash risk associated with driving during this time of day could be a 
valuable intervention point. For example, Stevenson et al. (2014) found that driving 
between 12:00 am and 5:59 am represented high crash likelihood for heavy vehicle 
drivers, and represented a three-fold risk of crashing compared to between 6:00 am 
to 11:59 am. Conveying findings such as these to postpartum mothers may inform 
them of the increased crash risk during these times, which they may be unaware of. 
4.4.3. Characteristics of mothers’ postpartum sleepiness 
The findings summarised in this section, as well as the following Sections 4.4.4 
and 4.4.5, provided initial contribution towards the following research question: 
RQ2: What are the common characteristics of maternal postpartum sleepiness? 
Previous research using the ESS identified a mean score of 8.2 at 11 weeks 
postpartum (Insana & Montgomery-Downs, 2010), which sits within the normative 
range. However, another assessment of sleepiness between postpartum weeks 3 and 8 
using the SSS identified 42% with mild sleepiness, 29% with moderate sleepiness, 
and 10% with pathological sleepiness (Insana & Montgomery-Downs, 2013). Within 
the current study, assessment via ESS identified notable proportions of the sample 
with EDS during all assessment periods. In particular, at 6 weeks postpartum almost 
half of the mothers were classified with EDS, which rose to approximately two-thirds 
at 12 weeks postpartum. In addition, during the first two assessment periods the 
average ESS score for the sample fell within the EDS range. Based on these findings, 
sleepiness appeared to be higher at 6 and 12 weeks postpartum than 18 and 24 weeks 
postpartum. However, for those with complete data for all assessment periods ESS 
scores suggested no clear pattern in the mothers’ sleepiness across the postpartum 
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period. As a large effect size was identified, it is quite likely that the sample within 
this study may not have been large enough to identify an effect that is present. For 
example, Insana et al. (2011) identified a clearer trend of a decrease in ESS scores 
from postpartum weeks 2, to 7, to 13 with larger samples (n = 65; n = 65; n = 56). 
As assessed by the KSS, mean sleepiness for the sample fell into the neither 
sleepy nor alert range for each assessment period. The KSS assessment also 
suggested sleepiness remained relatively stable across the postpartum period. Similar 
to the ESS assessment, there was wide variability in KSS scores within the sample, 
suggesting it can vary greatly from mother to mother. The stability of sleepiness 
across the postpartum period identified in this study is similar to the stability 
identified in postpartum fatigue by previous researchers, particularly Elek et al.’s 
(2002) study that assessed mothers from 4 to 6 weeks postpartum. In contrast, Dennis 
and Ross (2005) identified a reduction in the proportion of mothers who reported 
feeling tired from postpartum weeks 4 to 8. However, the researchers only used a 
single self-report item, and as such their assessment was not as extensive as the 
current study.  
The mothers’ KSS scores varied day-to-day during the assessment periods. The 
mean KSS scores indicated that sleepiness varied week by week for the majority of 
mothers, with approximately a quarter of the mothers’ scores varying by 2 or more 
KSS points across the assessed period. A potential implication is that sleepiness may 
be modifiable with the presence or elimination of contributing factors. Close 
inspection of the KSS scores indicated that there was no consistent pattern in the 
mothers’ sleepiest week. In contrast, half of the sample indicated that week 18 was 
the most alert week for them, rather than the last assessment period. This was a 
pertinent finding as the majority of the literature on postpartum sleepiness and 
fatigue has not conducted assessments this late in the period. That is, there have been 
suggestions that postpartum sleepiness and fatigue only last for a few months. 
However, these results suggest that sleepiness is more enduring than previously 
thought.  
4.4.4. Impacts of postpartum sleepiness on daily functioning 
There is a lack of studies that have directly reported the impacts of postpartum 
sleepiness on postpartum mothers’ everyday functioning. Thus, comparisons with 
previous literature is limited to Armstrong et al. (2014) and Livingstone et al. (2009). 
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Within the current study, the mothers reported that their concentration, irritability, 
physicality and ability to get through their daily tasks were each impacted more 
frequently by sleepiness than by fatigue. Armstrong et al. revealed similar findings in 
regard to daily tasks. Within the current study, the mothers reported their daily tasks 
were impacted by sleepiness a few days week across the entire postpartum period 
assessed. This is slightly different to Armstrong et al. who found that the impact of 
sleepiness on daily tasks showed a trend of progressive improvement from 
postpartum week 6 to week 18.  
Across the assessed postpartum period, the mothers reported sleepiness 
impacting their physicality less frequently than their concentration and irritability. 
This is potentially due to the description of sleepiness not including a physical 
component, particularly in comparison to fatigue (as explained in Section 1.3). Of the 
impacts assessed, concentration was particularly relevant to the driving task. The 
mothers suggested their concentration was affected by sleepiness a few days a week 
at 6 weeks and 12 weeks postpartum. These findings are somewhat similar to 
Livingstone et al. (2009) finding that mothers’ frequently reported concentration 
difficulties during the postpartum period, which negatively impacted their memory, 
general cognitive abilities, and driving. Within the current study, the mothers 
reported a reduction in the frequency of sleepiness impacting their concentration in 
the latter two assessment periods.  
4.4.5. Maternal sleep and postpartum sleepiness 
4.4.5.1. Description of maternal postpartum sleep 
There was great variability in all of the objective sleep variables extrapolated 
from the actigraphy, suggesting that postpartum sleep is very individual. This is in 
line with previous research, particularly the variation identified in maternal TST 
(Gay et al., 2004; Insana & Montgomery-Downs, 2013). TST was accumulated from 
a number of sleep bouts for the majority of mothers, during each assessment period. 
The sample mean for objective TST remained consistently around 7.25 hours across 
the first three assessment periods. However, during the first two assessment periods 
there appeared to be one mother who may have been experiencing chronic partial 
sleep restriction as the lower end of the objective TST ranges were under 5.75 hours. 
This was an important finding in light of the potential cumulative effects of short-
term chronic sleep restriction on cognitive performance (Van Dongen et al., 2003).  
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The NocSB data suggests that mothers’ sleep fragmentation was related to their 
infant’s sleep. That is, the results suggest mothers’ nocturnal sleep structure was 
commonly dictated by attending to their infant. The mean objective NocSBs were 
3.12 at 6 weeks postpartum, 2.81 at 12 weeks postpartum, and then 2.61 at 18 weeks 
postpartum. As can be seen there was a trend toward an improvement, but the 
number of sleep bouts experienced by the mothers did not significantly decrease. A 
large effect size was identified, which suggests that a larger sample may have found 
this trend to be statistically significant. These results are similar to those described in 
previous literature investigating mothers’ and infants’ night wakings. For example, 
an average of three night wakings has been identified at 4 weeks postpartum (Dennis 
& Ross, 2005), just under three night wakings at 7 weeks postpartum (Insana & 
Montgomery-Downs, 2013), and 2.65 wakings per night at 4 to 5 months postpartum 
(Sinai & Tikotzky, 2012). Thus, as expected high levels of sleep fragmentation was 
identified within this sample. This significant association between maternal and 
infant sleep also indicates that the mothers were attending to their infant during most 
of their night wakings.  
In the current study, objective LSP significantly increased from 6 weeks to 18 
weeks postpartum, with a very large effect size, suggesting an improvement in night-
time sleep consolidation. The LSPs identified suggested some mothers may have 
experienced a consolidated sleep period across the night, particularly during 
assessment periods at 12 and 18 weeks postpartum. However, this taken together 
with NocSB data revealed that one consolidated sleep bout did not happen every 
night for any mothers. The implication of this finding is that by 18 weeks 
postpartum, maternal sleep is unlikely to have returned to “normal” structure. Also, 
there is likely to be mothers who have experienced chronic sleep partial restriction 
for these 18 weeks. 
The sleep diary data revealed that mothers consistently slept less than their 
infants, with very large effect sizes identified, which suggests this is a robust finding. 
Significant moderate associations were identified between mothers’ and infants’ TST 
during assessment weeks 6 and 18, indicating mothers who had infants that slept 
more, slept more themselves. This may have been a function of these mothers having 
more opportunities to nap. However, it is unclear why this was not found during the 
other two assessment periods. Previous literature has identified strong relationships 
between infant night wakings and maternal night wakings (Insana & Montgomery-
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Downs, 2013; Sinai & Tikotzky, 2012). Results from the current study are in line 
with this previous literature as strong positive relationships were found between 
mothers’ and infants’ NocSBs. Similarly, strong positive relationships were found 
between mothers’ and infants’ LSPs. Thus, these results taken together suggest that 
mothers’ sleep fragmentation is primarily related to their infant’s sleep.  
Previous research has identified that postpartum sleep is not only fragmented 
but displays typically lower sleep efficiency (Bei et al., 2010). Within the current 
study, sleep efficiency was assessed as the number of minutes classified within a 
sleep bout between the time the mothers first went to bed and arose in the morning 
(i.e., “time in bed”). As such, spending extended periods of the night up and about 
attending to an infant would result in low sleep efficiency, whereas experiencing one 
consolidated sleep period would represent high sleep efficiency (i.e., 100%). The 
sample’s mean sleep efficiency significantly increased between assessment weeks 12 
(82.39%) and 18 (89.03%) with a very large effect size. In the context of objective 
TST remaining consistent across this period, mothers were spending less time awake 
during their “time in bed” than later in the postpartum period. This may have been 
either caring for their infant or simply awake whilst in bed. Within the current 
sample, sleep quality was consistently quite high, indicating that when the mothers 
were asleep (during sleep bouts) they were sleeping well. There was less variation in 
sleep quality during assessment week 18, indicating that the majority of mothers 
displayed good sleep quality at this point. 
4.4.5.2. Associations between sleepiness and sleep variables 
Within this study, the most consistent association identified was between KSS 
and subjective TST, with significant moderate to strong negative relationships found 
in the latter three assessment periods. That is, during those three assessment periods 
mothers who reported higher sleepiness ratings consistently across the assessment 
period recorded lower sleep durations in their sleep diaries. Even though subjective 
TST and objective TST did not significantly differ, it is interesting to see that a 
significant association was only demonstrated with subjective TST. It is possible that 
completion of the sleep diary, followed by completion of the KSS resulted in KSS 
ratings being unintentionally modified (e.g., perceiving sleep duration to be low for 
the night, resulting in reporting of a higher KSS rating for that day). 
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Previous research has identified a relationship between sleep fragmentation and 
postpartum fatigue (e.g., Lee & Zaffke, 1999; Rychnovsky & Hunter, 2009). 
However, in the current study a consistent association between sleep fragmentation 
and sleepiness was not identified. A significant association was only identified 
between KSS and subjective NocSB during week 24, with mothers experiencing 
greater sleep fragmentation reporting higher sleepiness. It is possible that the lack of 
variability in the NocSB variable in the earlier assessment periods made it difficult to 
identify a significant association with a modest sample size. However, the wider 
variability in the NocSB variable during the week 24 assessment period may have 
allowed an association to be identified. These findings suggest that the association 
between these variables should be assessed with a larger sample. 
Neither objective nor subjective TST, LSP and NocSB were significantly 
related to ESS during any of the assessment periods. These findings differ from 
previous research that found that ESS was associated with objective TST at 11 weeks 
(Insana & Montgomery-Downs, 2010) as well as 2, 7 and 13 weeks postpartum 
(Insana et al., 2011). These two studies had larger samples than the current study, 
and as such the current sample may not have been large enough to find this effect. In 
the current study ESS was only related to SE during assessment week 6 and SQ 
during assessment week 12. This suggests that during week 6 mothers who were 
sleepier were spending more time awake (outside sleep bouts) during the night. 
Additionally, during assessment week 12 mothers who were sleepier were those who 
experienced poorer sleep during their sleep bouts. This is interesting when taken 
together with the finding that over half of the sample were identified with EDS 
during this week.  
Overall, there was no clear pattern of significant associations between the sleep 
variables (objective or subjective) and sleepiness (as assessed by ESS or KSS). It is 
likely that the modest sample size within this study contributed to the lack of 
consistent associations between sleep variables and sleepiness, and as such should be 
further investigated with a larger sample. Also, the lack of clarity regarding which 
sleep variables are significantly associated with sleepiness supports a qualitative 
exploration of the factors mothers perceive to contribute toward postpartum 
sleepiness. 
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4.4.6. Strengths and limitations 
The key strengths of this study involved the prospective assessment of 
sleepiness and driving, as well as mothers’ and infants’ sleep. In addition, mothers’ 
sleep was measured using both subjective and objective assessments, which allowed 
comparison between the two assessment types. It also allowed analyses with 
sleepiness to be undertaken with both subjective and objective sleep data to identify 
which variables exhibit associations with sleepiness, as previous research has 
suggested differences may occur (Insana et al., 2011).  
The longitudinal nature of the study was also a key strength, even though it 
may have been a contributing factor to the limited sample obtained. The modest 
sample size of this study reduces the generalisability of the results. Also, there may 
have been some sampling bias toward mothers with lower sleepiness in the early 
postpartum weeks, as the participants were self-selecting; and this was the point 
when the mothers made their decision about whether they wanted to proceed with 
participation in the study. Also likely due to the longitudinal nature of the study, 
there was attrition within this study. The specific reasons these mothers pulled out 
were not ascertained. Thus, it is possible that the final sample represented a higher 
functioning cohort of postpartum mothers.  
The diaries were designed as prospective assessments; however, the mothers 
may have retrospectively completed them at times. If this was done, their recall may 
have affected their reporting. The scale used to assess length of driving journeys was 
not deemed sensitive enough to make confident inferences about journey durations. 
As such, the length of journeys was not included in these results. Accurately 
ascertaining the length of journeys would have been beneficial to add to the data 
quantifying the mothers’ exposure to the road environment. This study did not 
include mothers who delivered via caesarean method, which reduces the 
generalisability of the results. Future research studies employing similar 
methodology could exclude mothers who deliver via this method based on the advice 
they are provided from medical professionals regarding their driving, rather than 
solely based on delivery method. 
4.4.7. Concluding comments 
In conclusion, although this study had a modest sample size, the prospective 
assessments of sleepiness whilst driving, as well as sleep, provided valuable data to 
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inform the preventative information construct of the IMB model. Specifically, the 
majority of mothers were experiencing sleep fragmentation across the postpartum 
period, and notable proportions were exhibiting EDS at each assessment period. 
Thus, the findings indicated that there were times during the postpartum period when 
mothers reported concerning sleepiness levels that would be associated with 
impaired neurobehavioural performance. Furthermore, a high proportion of driving 
journeys early in the postpartum period, as well as during late night hours across the 
whole postpartum period, were undertaken with levels of sleepiness associated with 
elevated crash risk. These findings provided solid foundational knowledge regarding 
sleepy driving in the postpartum period; however, the findings need to be assessed in 
a larger population to allow greater generalisability. In addition, a qualitative 
exploration with the current sample would provide valuable complementary 
information regarding these findings. This qualitative investigation is described in 
the following chapter. 
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Chapter 5: Study 1b—Qualitative data 
5.1. Introduction 
Chapter 4 presented the quantitative data obtained within Study 1, which was 
the initial investigation in the elicitation research step within the IMB model. To 
complement the findings identified within the quantitative data in the previous 
chapter (i.e., from Study 1a), the current chapter will present the qualitative data 
obtained within Study 1.  
5.1.1. Sleepy driving in the postpartum period 
Recent research suggests that during late night hours, and particularly early in 
the postpartum period, a high proportion of driving journeys undertaken by 
postpartum mothers are whilst their sleepiness is high (Armstrong et al., 2014). 
However, at present there has only been one study documented that has interviewed 
postpartum mothers about their sleepiness and driving. Livingstone et al. (2009) 
found that the cognitive challenges associated with sleepiness made driving difficult. 
Additionally, the mothers reported trying to self-regulate their driving. Also, some 
mothers indicated that if they were more aware of postpartum sleepiness, they would 
have made arrangements to avoid driving. This study provided valuable insights into 
the perceived experience of driving during the postpartum period. However, it would 
be valuable for this body of literature to expand in order to further identify attitudes 
towards sleepy driving, as well as strategies for avoiding sleepy driving that 
postpartum mothers would be most willing to implement.  
The perception of whether sleepy driving is a safety concern needs to be 
assessed within this population. Recent research suggests a common perception that 
drivers who crash following sleep deprivation are less culpable than drink drivers 
(Williams et al., 2012). However, within the literature there is still a lack of 
understanding of drivers’ cognitions about sleepy driving, particularly the thought 
processes surrounding the choice to continue driving after identifying signs of 
sleepiness. This information needs to be ascertained if adequate strategies for sleepy 
driving prevention in the postpartum period are to be developed and employed. 
Identification of feasible sleepy driving avoidance strategies for postpartum 
mothers has not been previously ascertained. The best way to avoid sleepy driving is 
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to refrain from driving when experiencing high levels of sleepiness. Sleepiness 
countermeasures suggested by traffic authorities include swapping drivers, and 
stopping to have a rest or nap. Swapping drivers effectively removes a sleepy driver 
from interacting with the road environment. Short rest breaks and short nap breaks 
have been found to be effective strategies for reducing physiological and subjective 
sleepiness (Leger, Philip, Jarriault, Metlaine, & Choudat, 2009; Phipps-Nelson, 
Redman, & Rajaratnam, 2011). However, perceived effectiveness of a 
countermeasure does not always translate into usage of the countermeasure (Vanlaar, 
Simpson, Mayhew, et al., 2008). Additionally, postpartum mothers may have 
additional restrictions with countermeasure implementation, for example, attempting 
to nap with an infant in the car may not be a viable option. Therefore, it would be 
valuable to identify the strategies postpartum mothers attempt to implement to avoid 
sleepy driving. 
5.1.2. Postpartum sleepiness 
A key strategy for avoiding sleepy driving in the postpartum period is to 
attempt to reduce postpartum sleepiness. Reducing instances of high sleepiness to 
low sleepiness, or reducing the frequency of high sleepiness instances, would reduce 
the odds of postpartum mothers partaking in sleepy driving. Identifying the factors 
that contribute to postpartum sleepiness is required in order to implement strategies 
that could reduce it.  
As indicated in the literature review in Chapter 2, investigation of postpartum 
sleepiness is commonly undertaken in conjunction with investigation of infant and 
maternal sleep. However, factors other than maternal sleep may contribute, even 
though this has not been thoroughly investigated and no key psychosocial factors 
have been clearly identified. Potential social factors that may contribute include the 
amount of night-time help mothers receive with caring for their infant as well as the 
level of tasks undertaken around the house (Darvill et al., 2010; Razurel et al., 2011). 
These suggestions have been introduced indirectly via interviews. Directly asking 
mothers about their perception of the factors contributing to their sleep may provide 
some valuable insights into the psychosocial factors that contribute to postpartum 
sleepiness.  
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5.1.3. IMB model focus 
This study was the second investigation within the elicitation research step of 
the IMB model approach, and was designed to complement the previous quantitative 
methodology by using qualitative research methodology. The first objective of the 
study was to collect empirical-based preventative information. The second objective 
was to obtain information regarding personal motivation, namely personal attitudes, 
regarding avoiding sleepy driving. The third objective was to identify any 
behavioural skills for avoiding sleepy driving suggested by the mothers, thus the 
focus was on identifying behavioural skills assets.  
5.1.4. Research questions 
This study was an explorative investigation of maternal postpartum driving and 
postpartum sleepiness. There were two qualitative data collection points within the 
first six postpartum months where the mothers made retrospective considerations of 
their postpartum driving and sleepiness experience. To add breadth of knowledge to 
the preventative information construct within the IMB model, two research questions 
posed in Study 1a were also investigated in this study: 
RQ1: What are the characteristic patterns of mothers’ driving during the 
postpartum period? 
RQ2: What are the common characteristics of maternal postpartum sleepiness? 
Previous research has primarily investigated the relationship between maternal 
sleep and sleepiness, thus the quantitative investigation in Study 1a focused on that 
relationship. Therefore, RQ2 encompassed gathering insight into the potential 
broader spectrum of factors contributing to increased sleepiness in the postpartum 
period. In addition, one new research question was posed to inform the preventative 
motivation construct, and one new research question was posed to inform the 
preventative behavioural skills construct. These were: 
RQ3: What are the mothers’ attitudes towards avoiding sleepy driving? 
RQ4: What strategies to avoid sleepy driving are most feasible for postpartum 
mothers? 
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5.2. Method 
5.2.1. Participants  
The details of participants are provided in Study 1a, Section 4.2.1. In brief, 19 
mothers who gave birth between April and September 2011 participated in the study. 
All mothers gave birth vaginally to a single child, without prior diagnoses of 
anaemia, hypothyroidism or depression, and who did not develop common infections 
shortly post-birth. The mean age of the mothers when their child was 6 weeks old 
was 30 years (SD = 3.92 years). The mean number of estimated hours spent driving 
per week before their baby was born was 8.03 hours (SD = 4.47; Range = 1.5 to 15). 
Description of the recruitment procedure was provided in Section 4.2.3.1.  
5.2.2. Materials 
The semi-structured interview questions were designed and utilised in a pilot 
study conducted prior to this research program (see Livingstone et al., 2009 for 
details). The interview questions aimed to prompt the mother to explain her thoughts, 
opinions and experiences of sleepiness, including the impact of sleepiness on driving, 
since the birth of her child. The interview schedule is provided in Appendix E. 
Example questions are: “Can you tell me about how your lack of sleep has impacted 
upon your driving ability?”; “Can you tell me how this lack of sleep or fatigue has 
impacted upon your ability to get through your daily tasks?” and “What strategies 
have you used to deal with this lack of sleep?” 
The semi-structured interview technique was used to encourage the elicitation 
of information on the concepts identified a priori, as well as allowing the mothers to 
provide additional information that spontaneously came to mind. Each question 
within the interview schedule was asked in turn. Specifically, the mothers were asked 
about their sleepiness, and then asked about the impact of their sleepiness on their 
driving. Following this, the mothers were asked about the strategies they had used to 
deal with their sleepiness. The phrasing of the interview questions focused on the 
mother’s individual and personal experience, with neither reference to other mothers 
nor the need to make comparisons with others’ experience. When the mothers’ 
responses were unclear, the interviewer asked for further clarification.  
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5.2.3. Procedure  
There were two qualitative data collection time points when the semi-
structured interviews were conducted with the mothers; the assessment points were 
12 and 24 weeks postpartum. The researcher contacted each mother prior to the 
weeks in which the interviews took place to arrange an appropriate time to conduct 
the telephone interview. The researcher then telephoned each mother at the arranged 
time. Each interview was audio-recorded. After the interview was completed, the 
principal researcher sent the mother a $20 department store gift card. 
5.2.3.1. Data analysis 
All mothers participated in the first interview; however, due to attrition only 12 
mothers participated in the second interview. A thematic analysis was undertaken on 
the data. As this investigation was aiming to uncover the mothers’ reality of 
postpartum driving and sleepiness whilst acknowledging the experience is influenced 
by their perceptions, it fits within a critical realism theoretical stance (Bhaskar, 
1998). A contextualist method was used which recognises an individual’s 
understanding of their experience whilst also accepting that their social world 
influences their perception of their experiences (Mjoset, 2009).  
As previously stated, there were three research questions posed aiming to 
identify preventative information, motivation and behavioural skills regarding 
avoiding sleepy driving. There was also one research question addressed in this study 
that specifically aimed to identify information regarding postpartum sleepiness. 
Thus, the data collected was analysed as two separate datasets; responses regarding 
the mothers’ driving (dataset 1), and responses regarding descriptions of postpartum 
sleepiness (dataset 2). The analyses were conducted in line with Braun and Clarke’s 
(2006) phases of thematic analysis. Description of the procedures undertaken within 
each of these phases is presented below: 
Phase 1: Familiarisation with the data 
The primary researcher transcribed all interviews verbatim. This transcription 
allowed for the initial familiarisation of the data. Following this, a process of actively 
reading all interviews was undertaken and initial ideas for coding recorded. Initial 
ideas for coding within the driving descriptions (dataset 1) included negative 
incidents, sleepy driving self-regulation and perception of necessity of driving 
journeys. Initial ideas for coding within the sleepiness descriptions (dataset 2) 
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included sleep loss and sleep fragmentation. A key initial idea for coding was the 
differences mentioned during the second qualitative assessment period, which led to 
the decision to analyse the data from the two qualitative assessment periods 
separately.  
Phase 2: Generation of initial codes 
An inductive approach was utilised as no pre-existing codes were identified a 
priori. That is, development of codes was data-driven. For both datasets, data items 
(each mother’s response to each question posed) for the first assessment period were 
considered first, then data items for the second assessment period were considered. 
Each data item was read and coded for any interesting ideas with all relevant codes 
applied, thus resulting in some extracts with numerous codes assigned. As codes 
were developed throughout the process of going through the dataset, the dataset was 
reanalysed after the generation of new codes, thus employing an iterative process. 
Through the iterative process, the majority of the codes were found to be appropriate 
for both datasets between the two assessment periods. There were a small number of 
codes developed during analysis of the second assessment period, which related to 
changes identified between the two assessment periods. Within both datasets codes 
were maintained if they had a prevalence value of three or more.  
Phase 3: Searching for themes 
After each dataset was coded, analysis was undertaken to identify themes 
within each dataset. Relationships between codes were considered and information 
was collated and considered together and initial mind maps created. Six themes were 
initially identified within dataset 1. Eight themes were initially identified within 
dataset 2.  
Phase 4: Reviewing themes 
For each potential theme identified in Phase 3, the collated extracts were re-
read to assess whether they formed a cohesive theme. After this was refined, the 
entire dataset was re-read to ensure the themes accurately represented the dataset in 
line with the contextualist method approach. Re-coding was undertaken at this step 
(minor adjustments), as the coding process was ongoing throughout this analysis.  
Phase 5: Defining and naming themes 
Within each theme, the data extracts were considered and re-organised to assist 
with the development of a brief description of the content of each theme in order to 
identify the essence of the theme. Throughout this process, consideration of how 
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each theme contributes and fits together to tell the story (and answers the research 
questions) within the dataset was consistently undertaken. Dataset 1 identified four 
themes across both assessment periods. A mind map of the final themes and codes 
contributing to the themes is presented in Figure 5.1. 
 
 
Figure 5.1. Final mind map of dataset 1—Driving descriptions 
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During this phase of the analysis of dataset 2, the mothers’ descriptions of 
postpartum sleepiness, identified that the themes previously identified fit into two 
overarching “streams”: descriptions of what it is (contributors) and its impacts 
(resultants). The resultants included four themes; the themes were physical impacts, 
cognitive impacts, emotional impacts, and social impacts. The contributors revealed 
three themes; the themes were biological factors, cognitive factors, and social 
factors. One additional theme was identified during the second assessment period 
captured the changes experienced between the two assessment periods. The mind 
map of these final themes is presented in Figure 5.2. 
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Figure 5.2. Final mind map of dataset 2—Postpartum sleepiness descriptions 
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5.3. Results 
5.3.1. Postpartum driving  
During the interviews mothers were asked about how lack of sleep had 
impacted upon their driving. The aim was to uncover any key cognitions or social 
factors associated with their driving, as well as any issues experienced. Thematic 
analysis of the data revealed four themes; they were (1) general driving behaviour, 
(2) sleepy driving self-awareness and avoidance strategies, (3) sleepy driving 
admissions, and (4) sleepy driving negative impacts. The themes are presented 
consecutively below. This order of presentation was chosen to portray the overall 
story identified within the dataset most effectively. 
5.3.1.1. General driving behaviour 
This theme identified some key cognitions regarding the mothers’ general 
driving behaviour since the birth of their baby. There were a few mothers who started 
their descriptions of their postpartum sleepiness and driving by stating a reduction in 
their driving. These statements were in comparison to their driving before their baby 
was born. These reductions were attributed to both changes in daily routine and 
reduced confidence in driving performance due to sleepiness. Example statements 
are: 
“Driving, I don’t drive anywhere near as much as I used to. Because I’m not 
working at this current second, so I’m not driving to and from work.” (P9) 
“Well, I don’t drive anymore. If I do drive I just go up to mum’s… because I’m 
just constantly tired.” (P11) 
These statements regarding reduced driving due to lack of confidence in 
driving ability were commonly followed by an explanation of the strategies 
implemented to compensate for these journeys, which will be discussed in Section 
5.3.1.2. It is important to note that there was not a corresponding theme of an 
increase in driving during the postpartum period.  
A few mothers made statements indicating that within their family they had the 
responsibility of undertaking certain driving journeys. These responsibilities included 
assisting with their partner’s commute to work and dropping children at school. 
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These excerpts involve the mothers describing their personal driving behaviour 
which sits within the social context of their family. Example statements include: 
“My husband and I share the one car, so driving him to and from work...” (P8) 
“With driving because I drive the kids to school…” (P7) 
Within these descriptions there is both underlying and overt suggestion of the 
feeling of necessity of undertaking these driving journeys. There appears to be a 
perception that there are no appropriate alternative options:  
“I’ve been driving to get my husband from the train station and I’ll just be like 
‘I can’t see’ I’m just so tired, so exhausted but it’s that the world doesn’t stop, 
you’ve got to keep going, there’s some things you can’t stop.” (P6)  
Another social role that may be more frequently placed on mothers within the 
postpartum period is that of the “designated driver” when attending social activities 
that involve alcohol consumption. Breastfeeding mothers or those taking on the 
primary caregiving role may be assigned the designated driver role due to their 
choice to remain sober. For social events occurring at night, the journey home is 
likely to occur at times of high sleepiness. One mother specifically mentions this:  
“There’s been some times I’ve been really tired and really struggling to keep 
my eyes open, I keep driving anyway. I kind of have to. I probably shouldn’t 
but yeah, there’s been a few times when we’ve been out late at night and I’ve 
had to drive home because I’m the designated driver.”(P3) 
As indicated, this mother felt that she needed to undertake this journey and did not 
perceive there to be any alternative options.  
Overall, this theme identified some key cognitions relating to the mothers’ 
driving behaviour during the postpartum period. Specifically, their individual driving 
behaviour sits within their families’ driving activities, they perceive they need to 
fulfil some of these journeys with no alternative, and there was a sense of a reduction 
in the overall number of journeys undertaken during this time. 
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5.3.1.2. Sleepy driving self-awareness and avoidance strategies 
The identification of this theme provided valuable information regarding 
mothers’ cognitions about their driving behaviour in conjunction with their 
sleepiness. Self-awareness encapsulated times when the mothers indicated they 
thought about their sleepiness when making a decision to drive or not, as well as 
moments of realisation that their driving performance was negatively impacted by 
sleepiness, both at the time or in retrospect. The mothers’ accounts of times of self-
awareness were commonly intertwined with descriptions of the strategies they 
implemented to overcome risks associated with sleepy driving. That is, some mothers 
were modifying their driving following consideration of their sleepiness in attempts 
to avoid sleepy driving. Modifications made by the mothers included sharing driving 
with others, avoiding long distance journeys, only undertaking trips of short 
durations, as well as choosing times of higher alertness to drive. Example statements 
include: 
“I still don’t drive for very long periods at a time. Before I used to be able to 
drive for two hours and not get very affected by it [sleepiness]. These days I 
am not driving for as long, I consciously choose to share the driving a lot more 
than before, I would’ve just taken on the role for myself.” (P9) 
“It still definitely does impact the amount of driving that I do. I don’t attempt 
long distance driving.” (P2) 
“Usually if there’s an opportunity for me not [to drive], if there’s another adult 
in the car, I never drive just because I feel so tired.” (P8) 
“When I am really tired I try not to go out.” (P19) 
The above statements indicate that some mothers had implemented strategies to 
avoid sleepy driving, without any suggestions provided in this study. It is possible 
that simply being a part of the study may have prompted some mothers to think about 
their driving and sleepiness, which was explicitly acknowledged by one mother:  
“Through doing the questionnaires as well, it has made me a bit more aware of 
what I’m doing and picking up more on when I’ve been feeling tired and 
fatigued as well.” (P5) 
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Uncovering this theme indicated that some mothers were consciously making 
sleepy driving considerations and self-regulating their driving. Participation in this 
study may have prompted some mothers to have these cognitions that impacted their 
behaviour. This suggests that encouraging mothers to consider their sleepiness in 
conjunction with their driving may be a suitable intervention point. 
5.3.1.3. Sleep driving admissions  
Even though some mothers were considering their sleepiness in conjunction 
with their driving and implementing sleepy driving avoidance strategies, this theme 
identified times when the mothers acknowledged driving whilst sleepy during the 
postpartum period. These admissions of driving whilst experiencing high levels of 
sleepiness were often implicit statements acknowledging that they performed the 
behaviour. That is, embedded within their descriptions about self-regulating their 
driving or attempting to overcome their sleepiness, some mothers made implicit 
statements about times when they did drive with high sleepiness. Example statements 
are: 
“I probably don’t go out as much as I used to in terms of driving… If I have to 
hop into a car or anything like that when I am the most tired I really do notice 
the difference in driving.” (P4)  
“I’d say I’m less inclined to [drive] if I’m feeling really sleepy and I know 
there was a couple of occasions like in the diary when I did drive and I have 
driven.” (P16) 
“I have to put the windows down and turn the music up to keep myself awake, 
and a few times I’ve actually been quite worried about drifting off at the 
wheel.” (P8)  
Within these sleepy driving admissions, some mothers described continuing 
their journey after realising they were sleepy, saying, for example, “I drive a lot 
actually, and on the days that I have to pick him up it is a struggle to stay awake in 
the afternoon.” (P8) 
Identification of these admissions of continued driving was particularly 
valuable as it highlights a potential intervention point. One possible reason these 
mothers continued to drive is the perceived necessity of undertaking the journeys in 
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line with their driving responsibilities within their family, as identified earlier in the 
general driving behaviour theme.  
Overall, uncovering this theme was a pertinent finding because it identified that 
a notable proportion of the mothers in the study had driven with high sleepiness 
levels. Additionally, it was identified that a number of these mothers had engaged in 
sleepy driving even though they had been trying to be conscious of their sleepiness 
and self-regulate their driving. Perceiving that they needed to undertake certain 
driving journeys was identified as a potential key reason for these mothers driving 
when sleepy.  
5.3.1.4. Sleepy driving negative impacts  
This theme identified the negative impacts of sleepy driving experienced and 
described by the mothers. There were a variety of impacts depicted across the 
sample, which could suggest that the impacts of sleepy driving may manifest in 
differing ways. Statements captured within this theme involved reduced cognitive 
functioning, reduced performance including mistakes, and safety issues when 
driving.  
Concentration difficulties were commonly described and attributed to 
sleepiness. These concentration difficulties were described in a few different ways, 
such as vagueness, functioning on autopilot, and challenges with focusing on the 
driving task. These descriptions indicate a concerning level of driving performance, 
particularly if novel driving situations were to arise. There were mothers who 
provided these descriptions without providing any associated incidents, for example: 
“In terms of driving, I find it a lot more vague, that sounds really bad, but 
sometimes I don’t even notice if the lights red or green, I just kind of follow 
the car in front of me.” (P17) [vagueness] 
“Probably my concentration, like I’ll set off to go somewhere and I’ll start to 
drive somewhere else and I’ll have to completely redirect myself, so I guess if I 
don’t focus on where I’m going...but certainly there have been a number of 
instances where I’ve gone to go somewhere and then I’ve been heading in 
completely the wrong direction.” (P13) [autopilot] 
“I don’t tend to fall asleep but I just get easily distracted when I look out the 
window and I just get lost in what I’m looking at...My mind tends to switch off 
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when I should be more concentrating on the driving and what I should be 
doing.” (P5) [difficulty focusing] 
There were a few mothers who did describe their difficulty with concentrating 
resulting in driving errors, such as inadequate braking or accidental speeding. These 
driving errors indicate reduced driving performance, which would result in increased 
safety risk. Example statements include:  
“I think that concentration has certainly impacted, and just your general 
alertness...You might not stop as quickly as you want to or you might think 
you’ve got your foot on the brake but it’s only barely touching so you’re 
rolling back or something like that.” (P10)  
“Yep I know there’s been times where I’ve been, especially driving, where you 
just lose concentration or you know, you just don’t realise how fast you’re 
going or even going down the wrong street.” (P6) 
In addition to concentration difficulties, there were other serious safety issues 
reported, such as nodding off. Reports of nodding off indicate driving with an 
extremely high level of sleepiness that would have likely been preceded with other 
sleepiness signs. There were also reports of forgetting to fasten the strap around the 
baby capsule and forgetting to put seatbelts on other children. These mothers 
attributed these forgetful behaviours to their sleepiness. Even though these 
behaviours do not directly impact driving performance, they indicate increased risk 
of injury to those children not appropriately secured within the vehicle. Example 
statements include:  
“I was at a traffic light, and it was only a split second but I realised I had 
nodded off.” (P15) 
“I’ve had a couple of instances where I’ve put one of the children in the seat 
and then buckled the other one up and driven somewhere and not had the other 
child buckled up because I’ve thought I’d put them in there already. That’s 
probably happened to me three times which is quite alarming.” (P13) 
“I would never have done, come home and thought ‘oooh, I didn’t put the strap 
on.’ Whereas I have done that and I’ve realised because I’m so tired I haven’t 
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actually realised until I got home that I haven’t put the strap around the 
capsule. Safety things that I just wouldn’t do if I’d had enough sleep.” (P2) 
Overall, the mothers identified and reported a number of negative impacts they 
perceived eventuated from their sleepiness, including some concerning safety issues. 
Difficulty concentrating on the driving task appeared to be most easily identified and 
reported by the mothers. The perceived impacts of their sleepiness on driving ranged 
from difficulty focusing on the task, to accidental speeding and forgetting to buckle 
up children and infants. These negative impacts did not happen each time the 
mothers drove, but it is concerning that they did occur.   
5.3.2. Postpartum sleepiness 
5.3.2.1. Sleepiness and fatigue impacts on functioning 
The thematic analysis on dataset 2 revealed four core themes within the 
resultants stream. The four core themes were: (1) physical impacts; (2) cognitive 
impacts; (3) emotional impacts; and (4) social impacts. Within these four themes the 
impacts generally had negative connotations, most likely due to the nature of the 
questions posed, such as “Can you tell me about how your lack of sleep has impacted 
upon your ability to get through your daily tasks?” Thus the focus was toward 
identifying challenges and difficulties; however, the mothers were able to describe 
their own experience in the way in which they saw fit. Of note, there were a few 
mothers who indicated that they did not believe they were fatigued. 
Physical impacts 
When asked how their sleepiness impacted their ability to get through their 
daily tasks, only a few mothers described physical impacts. However, within the 
general discussions about their sleepiness, physical impacts were described by a 
greater number of mothers. The descriptions of physical impacts included feelings of 
lethargy or exhaustion, as well as the common description of “having a lack of 
energy”. A few mothers highlighted how it was more extreme than the sleepiness or 
fatigued feelings experienced prior to having a baby, for example: 
“I knew that it would be a different sense of tired that I have never experienced 
before, talking to my mother and everybody else saying ‘You don’t know what 
tired is.’” (P9) 
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“I don’t think I realised a person could get this tired. Like I have been tired 
before in my life when I’ve been working a lot... I’ve never been this tired in 
my life.” (P12) 
The consequences of the physical impacts varied between mothers. Some 
mothers felt their lack of energy generally added to the challenge of getting through 
the postpartum period. Other mothers explained more specifically that they had less 
energy when completing daily tasks. Additionally, some mothers put off doing tasks 
or did not complete them because of their lack of energy, saying for example: 
“There will be some days where I just put off doing certain things until I have 
enough energy.” (P13) 
“If I go out and exercise I’m not quite as energetic as what I used to be.” (P3) 
Cognitive impacts 
Another central theme to emerge was the cognitive impacts, with many 
mothers indicating that they experienced difficulty concentrating. Broad statements 
were made acknowledging that tasks felt like they required a greater amount of 
cognitive processing than previously. The impact of concentration difficulties 
appeared to permeate through many facets of the mothers’ lives, including safety-
sensitive tasks. Example statements are:  
“I just have to concentrate more when I’m doing anything like driving, you 
know, even cutting up vegetables using a knife sometimes, you have to be 
aware of how tired you are. So I guess everything requires a lot more mental 
energy.” (P12) 
“Feeling more tired during the day and like losing concentration and not being 
able to do things, you’re not as aware, you’re not as alert as you would be after 
a proper night’s sleep.”(P5) 
For some mothers, the difficulty concentrating and greater level of thought 
required resulted in tasks not being completed or increased difficulty with 
completing tasks.  
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Emotional impacts 
The emotional impacts of sleepiness and fatigue were also reported. These 
were primarily based around irritability, such as the ease of becoming cranky. The 
manifestation of emotional impacts differed from mother to mother, such as one 
mother identifying she was easily upset versus another mother noticing her patience 
was shorter. The suggestion was that this irritability and ease of being upset was 
heightened in comparison to how they would usually react to the situations they were 
referencing. Overall, these descriptions suggested times of general lowering of mood 
in comparison to their normal mood. There were also suggestions of a mood 
“rollercoaster”, for example: 
“I think it just makes everything a bit insurmountable sometimes, and it’s just 
like my mood is a bit of a wave.” (P12) 
“Sometimes mood tends to be affected, I get a little bit snappy and then realize 
after that was not necessary, and I suppose patience is a little bit affected.” 
(P10) 
The emotional impacts were unexpected, and surprising, for some mothers 
whereas others had considered the possibility of being emotionally impacted. The 
wording of one multiparas mother indicated that she had foreseen the potential 
emotional impact, for her being cranky, when experiencing inadequate sleep during 
this time. In comparison, other mothers’ wording suggests that the emotional impact 
may have been something that was noticed after it had happened. Their statements 
were: “I knew that I would be more cranky”(P7), compared to “I’ve found that I have 
a much shorter temper”(P8). 
Social impacts 
A few mothers’ identified social impacts of their sleepiness and fatigue. The 
descriptions identified challenges with social interactions, including reduced desire 
to initiate interactions as well as maintaining conversations during social interactions.  
There was also acknowledgement of decreased socialising during this period. 
Example statements are: 
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“I also find that I become more withdrawn from my social life if I’m fatigued, I 
don’t bother calling people, I don’t bother chasing up texts or emails or do any 
of that kind of thing if I’m feeling fatigued,” (P9) 
“I have cancelled several things socially just because I don’t have the capacity 
to get everyone together and get out of the house and get to things.”(P13) 
The social impact of sleepiness appeared to be secondary to the primary 
physical, cognitive and emotional impacts of sleepiness. The descriptions of the 
social impacts were often interwoven with descriptions of physical, cognitive or 
emotional impacts. Some mothers expressed difficulty with embarking upon social 
activities due to the desire to relax and recuperate from the physical impact. Some 
mothers described challenges with being involved in social discussions as difficulty 
concentrating (cognitive impact) came into play. Another mother believed the 
emotional impact of her tiredness led to challenges with her social interactions. 
Example statements are: 
“Even just going out and socializing sometimes, it’s like you just don’t have 
the energy some days.” (P14) [Physical-social interplay] 
“In the first couple of weeks I couldn’t have normal conversations with people, 
would forget what people were saying halfway through.” (P1) [Cognitive- 
social interplay] 
 “I didn’t possibly think it would involve my relationships, my emotions, as it 
does.” (P9) [Emotional-social interplay] 
5.3.2.2. Factors contributing to postpartum sleepiness 
The thematic analysis conducted on dataset 2 identified three key themes 
within the contributors stream; they were (1) biological factors; (2) psychological 
factors; and (3) social factors.  
Biological factors 
Within the first theme, biological factors, there were three subthemes 
identified: (1) lack of sleep; (2) fragmented sleep; and (3) physical demands, 
including breastfeeding. Lack of sleep was also referred to as sleep deprivation. Lack 
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of sleep was explicitly stated as the perceived main cause of postpartum sleepiness 
and fatigue by some mothers; whereas others were more reserved in their attributions 
and suggested they believed lack of sleep contributes more generally and may not be 
the only influencing factor. Lack of sleep also arose in general discussions when the 
mothers were describing their postpartum experience.  Example statements are: 
“Sleep deprivation being the major contributing factor.”(P10) 
“Lack of sleep contributes to it.”(P5) 
“How could I describe it? Like a whirlwind, no sleep.” (P2) 
During the first interview, when asked about the perceived causes, only a 
couple of mothers mentioned fragmented sleep. These mothers identified fragmented 
sleep, or the lack of consolidated sleep periods at night as a key contributing factor. 
However, there were a number of mothers who referred to fragmented sleep when 
describing their postpartum experience but did not explicitly suggest sleep 
fragmentation as a possible cause. Example statements include: 
“Well obviously the broken sleep that you experience [is a contributing factor 
towards postpartum sleepiness].” (P5) 
“The first 6 weeks were hell, very, she was up every two hours, just feeding 
and I was just absolutely shattered.”(P15) 
There appeared to be a clear distinction between lack of sleep and sleep 
fragmentation for some mothers. However, the distinction was less clear for others. 
One mother stated “sleep deprivation” as a contributing factor but then described 
sleep fragmentation, suggesting that the inadequate sleep mentioned initially may be 
more accurately described as sleep fragmentation:  
“I would say it’s the sleep deprivation. I think broken sleep isn’t the same as 
normal sleep. If you sleep for 10 hours but you’re being woken up every two 
hours to a small baby you just don’t feel rested in the morning.” (P12) 
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Notably, the fragmented sleep descriptions included references regarding the 
quality of sleep experienced. The suggestion was that fragmented sleep did not feel 
as restorative as consolidated sleep, for example: 
“You never really get into that real deep, relaxing, healing sleep…So I think a 
lot of it is not being able to get that real deep REM sleep.” (P2) 
“Adults kind of don’t function on little chunks of sleep, it’s not the same as 
getting a full night, even if you get 12 hours over the course of a day it’s not 
the same as getting a nice chunk of 6 to 8 hours of sleep.”(P12) 
Sleep fragmentation was often attributed to their infant’s regular feeding needs when 
breastfeeding, for example, “It’s been extremely hard because all you do is wake up 
every 2 hours for the first 3 months breastfeeding” (P11). 
Breastfeeding was also suggested as a cause of sleepiness and fatigue due to its 
physically demanding nature. The mothers descriptions indicated that they found 
breastfeeding to be physically exhausting, draining, a strain on their bodies, and 
time-consuming. Additionally, generally undertaking physically demanding tasks 
(other than breastfeeding) was suggested as a cause of postpartum fatigue. Example 
statements are: 
“Breastfeeding is exhausting and it takes up a lot of your time, and your body.” 
(P6) 
“Breastfeeding…it takes kind of your whole body…and it takes a really, really 
long time.” (P16) 
“Doing more physically active stuff than you’re used to.” (P3) 
Overall, most mothers indicated that they believed either lack of sleep or sleep 
fragmentation were contributing factors toward postpartum sleepiness and fatigue. 
Some mothers appear more certain about the impact of inadequate sleep compared to 
others. Sleep fragmentation appeared inevitable for breastfeeding mothers when their 
infants were waking regularly throughout the night. Undertaking physically 
demanding tasks, including breastfeeding, was perceived to contribute to sleepiness 
and fatigue.  
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Psychological factors 
The thematic analysis revealed three subthemes within the psychological 
factors theme, they were (1) constancy of infant care; (2) previous experience; and 
(3) infant sleep appraisal. These themes encompassed cognitive challenges described 
and offered as contributing factors toward postpartum sleepiness and fatigue. The 
constancy of infant care appeared to be cognitively draining and challenging for 
some mothers. The highly dependent nature of infants requires caregivers to 
continuously think about the needs of the infant. Some mothers likened their role of 
caring for their infant to a job, and made the comparison that you never get a break 
or “time-off” from looking after an infant. Additionally, infants’ primitive 
communication method of crying for all needs requires caregivers to try to determine 
which of their needs they would like met each time they cry. The act of having to 
constantly think about another person was cognitively tiring for some mothers: 
“Always have to think about the baby, what you have to do for the baby, 
what’s wrong with the baby when she won’t stop crying.” (P3) 
“I’ve got a little person that depends on me 24 hours a day, so I have a new lot 
of stressors and worries in my life that I didn’t have before, which is 
exhausting.” (P14) 
“As a parent you don’t get a day off and there’s no end to the eight hour shift 
or anything like that.” (P13) 
A couple of mothers with older children referenced the prior knowledge they 
felt they gained from their previous parenting experiences. The suggestion was that 
the prior knowledge allowed for more realistic expectations of the postpartum 
sleepiness experience. Two mothers said, for example:  
“I think a second baby is easier, everything makes more sense. You kind of go, 
yeah ok I have to get up in the middle of the night but whatever.” (P1) 
“I’d say it’s been what I expected, only because I’ve had a child before and the 
first child, I had no idea of how demanding it really is upon you.” (P2) 
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The prior knowledge these mothers refer to is important, particularly when taken 
together with the underlying suggestion from a number of mothers that the 
postpartum sleepiness experience is difficult to realistically conceptualise until 
actually experienced.  
One interesting finding from the second interviews was the reference to 
previous experiences for the first time mothers. These mothers indicated their 
postpartum sleepiness expectations were more realistic as they had learned from the 
first 12 weeks of their infants’ life, such as “I would say yes [postpartum sleepiness 
expectations met], for the simple fact that I’ve had the other 12 weeks to go off” 
(P9). This highlights the learning that may commonly occur for mothers during the 
postpartum period.  
When discussing their postpartum sleepiness experience, many mothers 
appraised their infant’s sleep to help explain and contextualise their feelings. Both 
good and bad connotations were used to appraise their infant’s sleep. That is, there 
were some mothers content with their infant’s sleep and others who were not so, 
saying for example, “He’s been quite a good sleeper” (P4), or on the contrary, “Mine 
was a rough sleeper in the beginning” (P16). 
Infant sleep appraisal is influenced by knowledge about infant sleep. However, 
an appraiser’s knowledge may be well informed or uninformed, or even 
misinformed. These mothers’ understanding of infant sleep, or their perceptions of 
their knowledge influenced the appraisal of their infant’s sleep. There was also 
appraisal of the infant’s sleep in relation to what the mothers felt they could deal 
with, for example: 
“She just started sleeping more and more, so by about week 10 she was in a 
pretty good pattern of sleeping from 7:00 pm to 2:00 am, and then 2:00 am to 
4:00 am, and that’s when I just felt more like a normal person again.” (P15) 
Overall, the constancy of infant care was cognitively draining for some 
mothers which they believed contributed to their sleepiness. Additionally, many 
mothers appraised their infant’s sleep as good or bad, as well as in relation to what 
they could deal with. Mothers with older children indicated the value in the 
knowledge about postpartum sleep and sleepiness they gained from their previous 
parenting experience. Also, first-time mothers appeared to benefit in the later 
postpartum period from the knowledge gained in the earlier stages of the postpartum 
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period. The thoughts mothers were having regarding their infant’s sleep shaped their 
feelings about the sleep they were receiving, which in turn impacted their sleepiness.  
Social factors 
The thematic analysis revealed two subthemes within the social factors theme, 
they were (1) impact of other children; and (2) familial responsibilities. The impact 
of other children had the underlying suggestion of adding to the feelings created by 
inadequate sleep by not giving the mothers opportunities to rejuvenate. The reports 
of the mothers highlight the enduring dependency of children throughout the first 
few years of life. Thus mothers with multiple children were not always capable of 
focusing solely on the infant in the postpartum period, for example: 
“Because I have to attend to the other two children in the morning it has been, 
my sleep has been really disturbed and I have been very tired.” (P5) 
“Tiredness, especially with my daughter who is 18 months. She is teething at 
the moment at the same time, so it has been extremely hard trying to cope with 
both of them.” (P11) 
One mother who made reference to the impact of other children also alluded to 
the other family responsibilities undertaken by many mothers, such as driving other 
household members around:  
“It’s a bit overwhelming because I have a 2 year old, so you don’t really have 
the time to recover, if you’ve had a bad night you have to keep going and take 
the husband to the train and do all the other things, you don’t get to stop.” (P6) 
All households have differing arrangements for the completion of common 
household tasks. Even though bringing a newborn into the family requires a large 
amount of time and energy, these household tasks remain present and need to be 
completed during the postpartum period. During the interviews, a number of mothers 
alluded to their responsibilities within their family, other than caring for children. 
Some mothers continued to do these tasks when they knew they were tired, whereas 
some others chose not to undertake tasks because they were too tired, saying for 
example:  
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“I think about resting when he’s resting, but it just doesn’t happen, only 
because that’s the only opportunity you get to get stuff done.”(P10) 
“Things that should get done, like the housework gets left aside because I’m 
just too tired.” (P8) 
Thus, there were varying viewpoints regarding the importance of fulfilling 
these family responsibilities. For some mothers completing certain tasks, such as 
housework, was more important than resting; whereas other mothers felt resting was 
more important than housework. The differences in priorities impacted the utilisation 
of potential opportunities to rest and rejuvenate for the mothers when sleepy.  
Overall, the mothers’ social responsibilities impacted their ability to rest and 
recover from inadequate sleep. The key responsibilities identified were other 
children, particularly young children who were still highly dependent on adult care, 
and family responsibilities around the house. Of note was the level of importance the 
mothers placed on resting in comparison to fulfilling other tasks varied from person 
to person, which in turn may impact the use of opportunities to reduce sleepiness. 
5.3.2.3. Changes 
This theme captured statements made by the mothers during the second 
assessment period regarding changes they felt they had experienced since the prior 
interview. This theme captures statements regarding improvements with postpartum 
sleepiness as well as declines. There were a greater number of statements regarding 
improvements than declines. The mothers often supplemented their statements of 
sleepiness improvements with explanations as to what they attributed the 
improvement to. The most common attributions were sleep improvement and 
accustomising to sleepiness. Sleep improvement statements were regarding their 
sleep, or infant sleep with the implicit suggestion that in turn maternal sleep 
improved. A few mothers also stated that their experience in the prior few months 
met their expectations because they were accustomising to poor sleep. Example 
statements are: 
“I’m getting a lot more sleep, which is making the days easier to get through 
without that feeling that I can’t do things because I don’t feel capable of them.” 
(P2) 
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“I found that the last 12 weeks were easier than the first 12 weeks in some 
respects though because I had gotten used to the sense of feeling tired.” (P9) 
“My child still wakes during the evening but I think I’ve learnt to cope with 
waking at least once a night.” (P10) 
Sleepiness decline, that is feeling sleepier than previously, was commonly 
attributed to their infant going through a sleep regression. The suggestion was that 
their sleep was more fragmented due to attending to their infant, which was causing 
them to feel sleepier than before. For example one mother said, “For me it’s actually 
gotten worse…because of sleep regression and those type of things—teething” (P16). 
Overall, there was a greater sense of improvements experienced by the 
mothers. However, some mothers indicated that they had been feeling sleepier in the 
prior few months. For both the improvements and declines, infant sleep appeared to 
be an influencing factor. These findings suggest there is a perception of postpartum 
sleepiness being highly influenced by infant sleep, and as such is a highly individual 
experience. 
5.4. Chapter Discussion 
This study was a qualitative investigation that informed the preventative 
information, motivation and behavioural skills constructs within the IMB model, as 
part of the elicitation research step. The findings from this study will be discussed 
in two parts; sleepy driving in the postpartum period will be discussed in Section 
5.4.1, followed by postpartum sleepiness in Section 5.4.2. 
5.4.1. Sleepy driving in the postpartum period 
5.4.1.1. Mothers’ sleepiness whilst driving during the postpartum period 
The findings summarised in this section contributed towards the following 
research question: 
RQ1: What are the characteristic patterns of mothers’ driving during the 
postpartum period? 
The sleepy driving self-awareness and avoidance strategies theme identified 
that some mothers were consciously considering their sleepiness prior to getting into 
the driver’s seat and attempting to self-regulate their driving. Driving self-regulation 
has been demonstrated in other populations who are concerned about their driving 
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ability in challenging or novel situations, such as older adults (Molnar & Eby, 2008). 
Identifying the intention to self-regulate driving when sleepy during the postpartum 
period was a promising finding. However, intention does not always translate to 
behaviour. For example, Molnar et al. (2013) identified that older adults’ self-reports 
of driving were lower than objective measures of their driving. As such, it is possible 
that the postpartum mothers within this study had positive intentions toward avoiding 
sleepy driving, however were still undertaking driving journeys whilst sleepy. 
Identification of the sleepy driving admissions theme suggests that there were times 
when mothers drove with concerning sleepiness levels, even though some mothers 
were attempting to self-regulate their driving when sleepy. As the results in Study 1a 
identified journeys with high sleepiness, it was not surprising to find that some 
mothers made sleepy driving admissions in their interviews. These admissions 
related to instances of sleepy driving rather than descriptions of elevated sleepiness 
every time they were driving. As sleepiness varies across the day and is impacted by 
prior sleep, it was expected that reports of sleepy driving would not relate to every 
time the mothers drove.  
There were a number of sleepy driving negative impacts described during the 
interviews. Similar to previous research (Livingstone et al., 2009), difficulty 
concentrating on the driving task was commonly described by the mothers. These 
difficulties emerged in the form of vagueness, functioning on autopilot, and finding 
focusing on driving challenging. That is, the mothers displayed difficulty performing 
the neurobehavioural skills required for the driving task, which is in line with 
previous research that has identified neurobehavioural deficits associated with 
postpartum sleepiness (Insana & Montgomery-Downs, 2013; McBean & 
Montgomery-Downs, 2013). Safety issues were also reported that were perceived to 
be a result of the concentration difficulties. Overall, there were times when their 
sleepiness was at a level high enough to impair neurobehavioural performance 
resulting in accidental speeding, poor braking, and other similarly concerning 
mistakes. 
The most serious safety concern associated with sleepy driving is falling asleep 
at the wheel or nodding off, due to the high crash risk. Of concern, this was reported 
by one mother in this study, even though she reported it happening for a short 
duration and whilst stationary at traffic lights. Exhibiting this level of sleepiness and 
continuing to drive is of great concern. Other concerning safety issues reported were 
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forgetting to strap in or buckle up the infant or older children. These mistakes are of 
greatest concern when the potential poor performance of sleepy driving is also 
considered. That is, if the mothers are unintentionally speeding or braking suddenly 
due to their reduced performance, the safety risk for an unbuckled child is increased. 
It is important to acknowledge that due to the qualitative nature of this investigation, 
the mothers’ knowledge and perceptions of sleepy driving likely influenced their 
reporting of the behaviour. For example, the sleepy driving admissions made by the 
mothers were often implicit statements amongst their descriptions of whether 
sleepiness had impacted their driving. That is, in the outset of their responses the 
mothers did not openly provide descriptions of sleepy driving incidents. 
Additionally, the descriptions of a reduced level of driving had an underlying 
suggestion that this was reducing the likelihood of them engaging in sleepy driving, 
which is not entirely accurate. Thus, potential difficulty with identifying the 
behaviour as well as inaccurate knowledge about sleepy driving risk, indicate that 
answers to this research question need to be considered in conjunction with the 
supplementary quantitative data in Study 1a.   
5.4.1.2. Mothers’ attitudes toward sleepy driving 
The findings summarised in this section contributed towards the following 
research question: 
RQ3: What are the mothers’ attitudes towards avoiding sleepy driving? 
Attitudes towards avoiding sleepy driving have not been thoroughly researched 
to date, and have yet to be investigated in this population. As previously mentioned, 
even though some mothers were consciously considering their sleepiness and 
driving, and in turn attempting to avoid sleepy driving, a number of mothers made 
sleepy driving admissions and identified sleepy driving negative impacts during this 
period. In addition, there were mothers who identified they were sleepy whilst 
driving and continued to drive. These findings suggest that these mothers believe 
sleepy driving should be avoided if possible, however seem unlikely to hold strong 
attitudes regarding avoiding sleepy driving, as many did drive whilst sleepy.  
The results from the general driving behaviour theme indicated that mothers’ 
postpartum driving behaviour comprised of individually-determined journeys as well 
as journeys undertaken within her family’s common driving practices. There 
appeared to be a social understanding within the family that the mothers would be 
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undertaking these journeys, and there appeared to be the perception of no alternative 
options for some journeys. Thus, within this sample of mothers who resided with 
their partner and infant (and other children) attitudes towards sleepy driving 
avoidance appear to be impacted by family responsibilities. To date there does not 
appear to be any research investigation sleepy driving avoidance within a family 
context. Liang, Gustafsson, Liddle, and Fleming (2015) reviewed the literature on 
driving disruption due to health conditions or ageing, and identified that driving 
disruption impacts other family members, however limited research has investigated 
this impact. Therefore, even if a mother holds positive attitudes towards avoiding 
sleepy driving, enacting the avoidance behaviour could be conversely influenced by 
the disruption it would cause to her family members. 
In regards to sleepy driving avoidance attitudes of postpartum mothers, 
identifying the family responsibilities suggests that mothers may be attempting to 
strike a balance between the perceived importance of undertaking the journey versus 
perceived crash risk. A negative association has been identified between the 
perceived susceptibility of crashing due to sleepiness and sleepy driving (Fernandes, 
Hatfield, & Job, 2010). Thus, perceived crash risk is likely to be low. The perceived 
importance of undertaking the journey is likely to vary depending on the purpose, 
however some high importance journeys may be reduced with some foresight and 
planning. For example, driving her partner to work is likely to be perceived as 
important as it is a source of income for the family. However, when residing in urban 
areas identifying public transport or car sharing options, for use as alternatives when 
needed, could reduce the perceived importance of the journey.  
The perceived necessity of undertaking journeys was a key finding regarding 
mothers’ attitudes toward avoiding sleepy driving. Challenging this perception is 
needed if postpartum mothers are going to action sleepy driving avoidance strategies. 
Further investigation regarding the perceived seriousness of sleepy driving as a 
safety issue is needed. For example, the mother who reported needing to drive late at 
night because she was the designated driver also reported that she probably should 
not have driven due to her sleepiness. This admission demonstrated the acceptance 
and use of a drink driving avoidance strategy, but no sleepy driving avoidance 
strategies. This suggested that the mother considered drink driving a greater safety 
concern than sleepy driving, which is in line with previous research (Williams et al., 
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2012). Thus, there appears to be a need to provide education to postpartum mothers 
regarding the safety risks associated with sleepy driving.  
5.4.1.3. Sleepy driving avoidance strategies used by mothers 
The findings summarised in this section contributed towards the following 
research question: 
RQ4: What strategies to avoid sleepy driving are most feasible for postpartum 
mothers? 
Previously, Livingstone et al. (2009) found that some postpartum mothers 
believed they would have planned alternatives to driving if they were aware of how 
sleepy they might get during the postpartum period. This suggested that postpartum 
mothers may be a population quite willing to employ strategies to reduce crash risk 
associated with sleepy driving. Within the general driving behaviour theme 
identified in this study, some mothers reported a reduction in their driving. This 
provides support for the suggestion that postpartum mothers are quite willing to 
implement strategies to avoid sleepy driving. The mothers’ reports within this study 
indicate that strategies involving mothers postponing journeys or finding alternatives 
to driving when sleepiness is elevated could be feasible.  
The key theme identified within this study that informed this research question 
was the sleepy driving self-awareness and avoidance strategies theme. Within the 
sample, some mothers were consciously considering their sleepiness before or whilst 
driving. Even though no strategies were provided to the participants by the research 
team during this study, there were mothers who reported driving self-regulation by 
implementing sleepy driving avoidance strategies. One strategy reported by the 
mothers was sharing driving with another person. This is an extremely effective 
strategy as it removes the sleepy mother from interacting with the road environment. 
A potential challenge with implementing this strategy would be ensuring another 
driver is available or a journey could be undertaken when another driver is available. 
In addition, the alternative driver needs to be able to exhibit an appropriate level of 
performance. For example, not be sleepy or under the influence of alcohol or other 
drugs. Thus, postpartum mothers would need to implement foresight and planning to 
effectively implement this strategy. 
Two other key strategies mentioned were avoiding long distance and long 
duration driving journeys. These two strategies are similar but not the same; long 
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distance journeys are inevitably long in duration; however, short distance journeys 
may also be long in duration. For example, if a postpartum mother drove to pick up 
her partner up from work and drive home during peak hour traffic, the journey could 
be a short distance but long in duration. These strategies reduce exposure to the road 
environment, however sleepy driving avoidance is not achieved. Thus, there is still a 
high level of risk associated with the times when they are driving, as sleepy driving 
incidents can occur in urban areas with low speed limits (Armstrong et al., 2008).  
Another strategy employed was choosing to drive when more alert. This may 
provide an explanation for the finding in Study 1a that early in the postpartum period 
a notable proportion of journeys were undertaken during the morning when 
sleepiness is generally at its lowest (Borbély, 1982). This finding also suggests that 
some journeys could be planned or postponed, and in essence are flexible. It would 
be valuable to further explore the purpose of journeys during the postpartum period, 
and particularly establish if they may be flexible. For example, driving to and from 
work may be perceived as inflexible journeys compared to going to the shops that 
may need to be undertaken within a timeframe, e.g., any time during that day.  
It is possible that participation in this study encouraged the mothers to more 
consciously think about their sleepiness in conjunction with their driving, which was 
explicitly acknowledged by one mother. This is a positive finding as it suggests that 
it may not be too challenging to get mothers to consider their sleepiness and driving 
during the postpartum period. However, correct identification of sleepiness is not an 
easy task for all people and postpartum mothers may need assistance with developing 
the skills to perform this behaviour. Also, as the mothers identified sleepy driving 
negative impacts, this demonstrates a key behavioural skill performed by some 
mothers within this study. These mothers identified these negative impacts in 
retrospect. For this skill to be most beneficial, the mothers would need to identify 
any negative impacts while they occur. This skill would need to be implemented in 
conjunction with another strategy that removes the mothers from the driver’s seat, 
e.g., swapping drivers, or stopping and napping.  
5.4.2. Postpartum sleepiness 
5.4.2.1. The impacts of postpartum sleepiness on daily functioning 
The findings summarised in this section and the following Section 5.4.2.2 
addressed the following research question: 
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RQ2: What are the common characteristics of maternal postpartum sleepiness? 
The analysis of dataset 2 identified four themes that fit into the overarching 
resultants stream, which captured the perceived impacts of postpartum sleepiness 
and fatigue. The four themes identified were physical impacts, cognitive impacts, 
emotional impacts and social impacts. Three of these themes are similar to those 
identified in Runquist’s (2007) study that attempted to conceptualise postpartum 
fatigue; the four elements she identified were mental, physical, stress-worry, and 
frustration difficulties. An interesting finding in the current study was that the 
physical, cognitive and emotional impacts appeared to be the primary impacts 
described, with social impacts being secondary and often described in conjunction 
with the other impacts. It is possible that this secondary nature of social impacts is a 
reason why Runquist did not identify social difficulties.  
Within the current study, the physical impacts described included feelings of 
lethargy and a lack of energy. For some mothers the feelings were stronger than the 
sleepiness or fatigue they had experienced prior to having a baby, which suggests 
that these feelings may be difficult for mothers to realistically conceptualise before 
experiencing them. The consequences of feeling physically less capable varied from 
mother to mother. In relation to their daily tasks, some mothers continued to 
complete tasks with less energy, some mothers put off tasks until feeling more 
physical able, and others chose not to do certain tasks. This implies that some 
common tasks completed by postpartum mothers can be postponed. 
The mothers described cognitive impacts of their sleepiness, particularly their 
concentration suffering. Livingstone et al. (2009) previously identified concentration 
difficulties, which were described by postpartum mothers in a variety of ways, that 
overall suggested a negative impact on functioning. Within the current study 
mothers’ explanations described cognitive tasks requiring more mental energy than 
prior to the arrival of their infant. Due to humans’ reliance on higher order thinking, 
these cognitive impacts appeared to permeate through many facets of the mothers’ 
lives. The common consequences depicted were increased difficulty with completing 
cognitive tasks or tasks not being completed. Completing safety-sensitive tasks, such 
as driving, whilst experiencing cognitive difficulties is a safety concern.  
Within their discussions the mothers referred to the emotional impacts of 
sleepiness and fatigue, such as the increased ease of being upset or becoming cranky. 
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This heightened ease of being emotionally affected was in comparison to their 
common emotional reactions before having their baby. Being emotionally impacted 
by sleepiness appeared unexpected for some, but not for others, particularly those 
with older children. One possible explanation is that expectant mothers are informed 
about potentially feeling tired due to poor sleep but not as frequently informed about 
how poor sleep may affect them emotionally. A few mothers described social 
impacts of sleepiness and fatigue, including challenges within social interactions as 
well as decreased socialising. These social impacts were commonly described in 
conjunction with the other primary impacts rather than on their own. The main 
implication of this finding is that postpartum mothers may withdraw from social 
connections, which may have negative consequences during this time when mothers 
typically need social support (Negron, Martin, Almog, Balbierz, & Howell, 2013). 
5.4.2.2. Factors contributing towards increased sleepiness 
The analysis of dataset 2 identified three themes that fit within the contributors 
stream, which were biological, psychological, and social factors. Within the 
biological factors theme, the mothers suggested that lack of sleep, fragmented sleep 
and physical demands, were factors contributing toward their sleepiness and fatigue. 
Breastfeeding was suggested to be physically demanding, mainly in the earlier stages 
of the postpartum period, as it was described as draining, a strain on their bodies, as 
well as time-consuming. As this is the recommended method of feeding infants 
(World Health Organisation, 2015a), this is not a potential contributing factor 
towards postpartum sleepiness that should be modified. Thus, it was valuable to 
identify breastfeeding as a potential contributing factor, however it was not explored 
further within this program of research. Within this study, some mothers perceived a 
strong and direct link between lack of sleep and sleepiness and fatigue. Whereas 
others did not indicate they believed there was such a strong link, and that they 
believed other factors also contribute. This finding, taken in turn with previous 
research identifying weak to moderate associations between postpartum sleep and 
sleepiness, indicates that further exploration of other potential contributing factors is 
warranted. 
A couple of statements made by mothers suggest that the terms “sleep 
deprivation” and “lack of sleep” were not referring to these terms as defined in the 
literature, but rather encapsulated the concept of “lack of adequate sleep”. Also 
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included within this concept was “fragmented sleep”, which is a lack of consolidated 
sleep or the experience of night-time sleep being broken into numerous sleep bouts 
across the night. It was reported that experiencing sleep fragmentation did not feel as 
restorative as when they could get one consolidated sleep period across the night. 
This finding is in line with Stepanski’s (2002) review of the relevant literature 
identifying that fragmented sleep was not as restorative as consolidated sleep. This 
finding suggested that mothers were recalling that nights of inadequate sleep were 
often followed by sleepiness the next day. The implication is that as maternal 
postpartum sleep if often inadequate, postpartum mothers may be feeling sleepy 
frequently. 
Within the psychological factors, constancy of infant care was identified as a 
difficulty experienced by mothers during the postpartum period. Constantly caring 
for their infant, including thinking about their needs and responding to them, was 
described as cognitively draining. A key suggestion was that the continuous nature of 
providing care was challenging, as there is often no allocated time off to have a break 
from thinking about the infant and their needs.  
In addition, within the psychological factors theme there was identification of 
two cognitive appraisals surrounding postpartum sleep, which can potentially 
influence perception of sleep and/or sleepiness. The mothers in their discussions 
referenced previous experience with infant and postpartum sleep as well as 
postpartum sleepiness. There was a suggestion that having previous experience 
allowed for more realistic expectations, as creating an accurate conceptualisation is 
difficult to do without this understanding. Mothers referenced the benefit of previous 
experience with older children, as well as some first-time mothers in the latter in the 
stages of the postpartum period referencing their experience earlier in the period. 
This suggests that there is some important learning that occurs within the postpartum 
period and that currently many mothers may not have an accurate conceptualisation 
of postpartum sleep until they experience it. This should be explored further, and if 
common, mothers could be provided educative information in attempts to enable 
them to develop more accurate understanding of postpartum sleep and sleepiness.  
Many mothers used the appraisal of their infant’s sleep to explain their 
postpartum sleepiness. This was an important finding as the cognitions parents hold 
about their infant’s sleep have not been thoroughly investigated (Sadeh et al., 2007). 
Within this study the mothers often appraised their infant’s sleep as either “good” or 
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“bad”. This appraisal may have been informed by the mother’s knowledge and 
understanding of infant sleep. Henderson et al. (2010) asserted that understanding 
infants’ sleep development should to be viewed in light of criteria that consider 
biological and behavioural sleep capabilities. Thus, this finding also indicates that 
identifying whether mothers have accurate expectations of infant sleep is needed.  
The social factors theme tapped into the core social environment in which the 
mothers were functioning, specifically their family. The key contributors to 
sleepiness identified were in relation to the responsibilities the mothers had within 
their family. The indication was that within their family the mothers needed to 
undertake numerous other tasks as well as caring for their infant, such as caring for 
older children and completing housework. The suggestion was that fulfilling these 
responsibilities played an additive role, on top of the inadequate sleep commonly 
experienced, to mothers’ sleepiness in this period. 
One of the key responsibilities for some of these mothers was caring for their 
other children, which was particularly challenging for mothers with other young 
children who are still very dependent on adult care. The context of these comments 
suggested that after experiencing inadequate sleep with their infant, they were not 
given enough opportunities to sleep, relax or rejuvenate due to needing to care for the 
older children. The other key responsibilities mentioned were often regarding 
common household tasks. This is in line with previous qualitative research 
suggesting that support with household tasks could assist postpartum mothers with 
their day-to-day challenges (Darvill et al., 2010; Razurel et al., 2011). One 
interesting finding in the current study was the varying importance placed on 
fulfilling some of these household tasks versus the importance of resting and trying 
to recuperate from inadequate sleep. Some mothers felt tasks needed to be completed 
even though they were tired, whereas other mothers were not so concerned with 
completing these tasks. The implication of this finding is that some mothers believed 
completing household tasks was more important than resting to rejuvenate from 
inadequate sleep. This is a potential intervention point. 
5.4.3. Strengths and limitations 
A key strength of this qualitative investigation was that it allowed exploration 
of key topics in an in-depth manner. The semi-structured interview technique 
allowed pertinent information to be obtained while also allowing scope for the 
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mothers to introduce additional information they thought pertinent to provide. Thus, 
this approach provided a rich understanding of mothers’ driving behaviour, sleepy 
driving cognitions, potential sleepy driving avoidance strategies, and real-world 
impacts of sleepiness. 
As mentioned in the previous chapter, this study had a modest sample size. 
Also, a key limitation of qualitative data analysis is that it does not allow for 
identification of statistical significance of the suggested associations. Thus, the 
qualitative nature, in conjunction with the modest sample size, limits the 
generalisability of the results from this study. In addition, generalisability is 
restricted by the demographic characteristics of the sample. Specifically, these 
postpartum mothers all had partners and lived in urban areas within Australia, and 
over three-quarters were on maternity leave. Therefore, the key finding of the 
mothers’ driving behaviour functioning within their family responsibilities may not 
be relevant to single parents, or working postpartum mothers who drive for their 
commute to work.  
5.4.4. Concluding comments 
In conclusion, Study 1b used qualitative data to complement the findings from 
Study 1a regarding the preventative information construct of the IMB model. In 
addition, as there is currently sparse literature regarding attitudes towards sleepy 
driving or sleepy driving countermeasures commonly utilised by postpartum 
mothers, the findings of this study provided valuable data towards the preventative 
motivation and behavioural skills constructs of the IMB model.  
The mixed method in-depth, prospective, and naturalistic assessment within 
Study 1 identified valuable information regarding mothers’ sleepiness and driving 
during the postpartum period. The quantitative data within Study 1a determined 
exposure to the road environment that warrants concern regarding safety risk for 
some urban postpartum mothers. This was particularly identified by the concerning 
proportion of high sleepiness journeys, especially early in the postpartum period. 
This is not surprising when considered in conjunction with the high proportion of 
mothers identified with EDS. The quantitative data identified individuality in driving 
behaviour, with the wide variability in number of journeys undertaken. A potential 
explanation for this individuality is that postpartum driving behaviour is influenced 
by responsibilities within the family, as identified within the qualitative data.  
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There appeared to be the perceived necessity to undertake certain journeys by 
some mothers, even if they were really sleepy. This needs to be explored further, and 
may need to be challenged if common. Some mothers within this study appeared to 
be self-regulating their driving when sleepy, indicating some concern for sleepy 
driving. However, the mothers were not always successful in their self-regulation 
attempts, suggesting they were not highly concerned about sleepy driving. There 
were strategies offered by these mothers for avoiding sleepy driving, such as 
swapping drivers, however it would be good to investigate the feasibility and 
likelihood of using these strategies and other avoidance strategies with a larger 
sample. Assessment of postpartum sleep, sleepiness and driving was undertaken in 
Study 2 within this program of research, and the data regarding driving is presented 
in the following chapter. 
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Chapter 6: Study 2a—Postpartum Driving 
6.1. Introduction 
The previous two chapters detailed the methodology of Study 1 and the 
findings from the quantitative data (Chapter 4) and qualitative data (Chapter 5). As 
the findings from Study 1 were based on a modest sample, Study 2 was undertaken 
to address the research questions with a larger sample of postpartum mothers. Thus, 
Study 2 also conducted elicitation research. The current chapter presents the driving 
data, and Chapter 7 will present the sleepiness data.  
6.1.1. Preventative information 
To the best of our knowledge, postpartum driving has only been investigated 
via three studies. Livingstone et al.’s (2009) qualitative investigation found that due 
to sleepiness and fatigue some mothers struggle to remember their interactions with 
the road, have trouble concentrating on the driving task, and have trouble with bodily 
actions such as eye wandering whilst driving. Armstrong et al. (2014) found that of 
the few journeys undertaken by postpartum mothers between 6 pm and 6 am, there 
were double the number of high sleepiness than low sleepiness journeys (as 
measured by the KSS). The researchers also found that over half of the driving 
journeys undertaken by mothers at 6 weeks postpartum were with high sleepiness, 
but this reduced to approximately one-third at 18 weeks postpartum. More recently, 
Malish et al. (2015) found that 22% of postpartum parents  in their study (mostly 
mothers) experienced at least one near miss incident and 5.6% reported a crash. 
Within the present program of research, Study 1a found that postpartum 
mothers demonstrated regular exposure to the road, with some mothers 
demonstrating high exposure, based on their driving frequency during the assessment 
periods. In addition, no significant trend was identified regarding the number of 
driving journeys undertaken across the postpartum period. In regard to the time of 
day that the postpartum mothers drove, a large proportion of driving journeys were 
during morning and early afternoon hours and a very small proportion were during 
late night and early morning hours. It was promising to find a low number of driving 
journeys between 9 pm and 6 am, because during this time period there was a greater 
proportion of high KSS than low KSS journeys. In regard to the proportion of driving 
journeys with high KSS scores, at 6 weeks postpartum it was almost half and in the 
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subsequent assessment periods it was approximately one-third. On a positive note, 
there were few extremely high KSS scores. 
6.1.2. Preventative motivation 
Vanlaar, Simpson, Mayhew, et al.’s (2008) public opinion poll of Canadian 
drivers asked respondents to indicate their level of concern with six traffic safety 
issues (e.g., fatigued or drowsy drivers; drinking drivers). The researchers found that 
approximately 60% of the drivers believed fatigued or drowsy drivers were a serious 
or extremely serious problem, but this was considerably less than the other safety 
issues presented. Also, Williams et al. (2012) have found that young drivers believe 
that drivers who crash after drinking are more culpable than drivers who crash after 
sleep deprivation. However, Obst et al.’s (2011) survey of Australian drivers found 
that driving when sleepy was perceived to be relatively high risk, involving a similar 
level risk to drink driving and driving 30km above the speed limit. Thus, there does 
not appear to be consensus regarding sleepy driving attitudes versus other road safety 
issues, likely due to the differing conceptual approaches of investigation. However, 
this previous research regarding perceived risk associated with road safety issues, 
concern for road safety issues, and culpability following road safety incidents, are 
three potential avenues for identifying attitudes towards sleepy driving avoidance. 
A large proportion of drivers appear to continue to drive after noticing they are 
feeling sleepy. Obst et al. (2011) found that only 12% of respondents in their survey 
never drove after noticing sleepiness signs whilst driving. When focusing on drivers 
between 25 and 34 years of age, almost half reported driving after noticing sleepiness 
signs relatively frequently. Additionally, drivers within this age bracket were found 
to be significantly more likely to continue driving when sleepy than those 55 years or 
above. Watling (2014) found that younger drivers and those with favourable attitudes 
towards sleepy driving were significant predictors of sleepy driving likelihood. With 
respect to specific cognitions relating to continuing to drive whilst sleepy, Armstrong 
et al. (2010) found that desire to reach their destination, being close to home, and 
time factors were common reasons. Overall, continuing to drive after noticing signs 
of sleepiness appears prevalent; however, there is an apparent lack of literature 
specifically investigating the cognitions associated with the choice to continue 
driving when sleepy. 
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6.1.3. Preventative behavioural skills 
There are a range of sleepy driving “countermeasures” employed by drivers, 
including those that remove drivers from the road environment and those that attempt 
to reduce sleepiness whilst continuing to drive. Only countermeasures that remove a 
sleepy driver from the road eliminate the safety risk, and may be regarded as sleepy 
driving avoidance strategies. Other attempts to reduce sleepiness whilst continuing 
to drive may be regarded as in-vehicle countermeasures. Swapping drivers is a 
potential avoidance strategy that is promoted by traffic authorities (e.g., Department 
of Transport and Main Roads, 2010); but it is only effective if the other driver can 
exhibit a higher level of functioning than the person choosing to cease driving. 
Napping can alleviate sleep propensity and there have been demonstrated 
improvements in driving performance following a brief nap (e.g., Horne & Reyner, 
1996); however, this is not likely to be a feasible option when an infant is also in the 
car. Other in-vehicle countermeasures that are commonly employed, such as turning 
on the radio, opening a window or turning on the air-conditioner (Vanlaar, Simpson, 
Mayhew, et al., 2008) may only demonstrate small effects on reducing sleepiness 
(Reyner & Horne, 1998b). Consuming caffeine has demonstrated some sleepiness 
reduction effects albeit not long-term effects (Horne & Reyner, 1996), however its 
utility within this population needs to be explored. 
Drivers’ understanding of the effectiveness of sleepy driving countermeasures 
or avoidance strategies does not appear to translate to use. Vanlaar, Simpson, 
Mayhew, et al. (2008) identified a miss-match between the actual use of 
countermeasures to overcome sleepy driving and the perceived effectiveness of the 
countermeasures. Specifically, the most frequently cited countermeasures were 
opening windows or turning on air conditioning, followed by talking to passengers. 
Even though those countermeasures were the most frequently used, the participants 
perceived swapping drivers to be the most effective strategy, followed by stopping to 
nap or sleep. More recently Gershon et al. (2011) surveyed professional and 
nonprofessional drivers and for both groups the most frequently used 
countermeasures were listening to the radio, followed by opening the window. 
Overall, the only way to reduce safety risk is to remove the driver from the road 
environment by allowing another more alert person to take on the driving role or stop 
driving, which do not appear to be the most frequently used strategies. In regard to 
sleepy driving countermeasures commonly encouraged by traffic authorities, for 
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example swapping drivers and stopping to nap, Watling, Armstrong, Obst, and Smith 
(2014) found that the perceived effectiveness of these strategies did not align with 
drivers’ reported use. 
6.1.4. IMB model focus 
This study contributed to the elicitation research step of the IMB model. It 
was designed to contribute towards collecting empirical-based preventative 
information and preventative motivation towards avoiding sleepy driving, by 
assessing whether findings from Study 1 could be replicated with a larger sample. 
Preventative behavioural skills were also investigated within this study, which 
included assessment sleepy driving countermeasures and avoidance strategies usage. 
6.1.5. Research questions and hypotheses 
6.1.5.1. Preventative information 
The first objective of this study was to assess whether results from Study 1, 
which had a modest sample size, would be replicated in Study 2 with a larger sample 
size. That is, this study aimed to confirm the preventative information data obtained 
in the prior study. Therefore, this study addressed the first research question again: 
RQ1: What are the characteristic patterns of mothers’ driving during the 
postpartum period? 
As detailed in Section 4.3.3., the assessment of mothers’ postpartum driving in 
Study 1a found that between 9:00 pm and 5:59 am there was a greater number of 
driving episodes undertaken with high sleepiness. Based on this finding the 
following hypothesis was posed for this study: 
H1: The mothers will report the highest sleepiness whilst driving between 9:00 
pm and 5:59 am than other times of day. 
6.1.5.2. Preventative motivation 
The second objective was to obtain quantitative data regarding the mothers’ 
attitudes toward sleepy driving, thus compiling data to inform preventative 
motivation. Based on the literature described in Section 6.1.2., which suggests 
drivers perceive drink driving to be a more serious safety issue than sleepy driving, 
the following hypothesis was posed: 
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H2: The mothers will perceive drink driving to be a more concerning safety 
issue than sleepy driving. 
As highlighted in Section 6.1.2., the literature on sleepy driving cognitions is 
sparse. Thus, in order to identify and then in the future target postpartum mothers’ 
sleepy driving cognitions, the following was research question addressed: 
RQ3: What are the mothers’ attitudes towards avoiding sleepy driving? 
6.1.5.3. Preventative behavioural skills 
The third objective was to obtain quantitative data regarding mothers’ 
behavioural skills regarding avoiding sleepy driving. As highlighted in Section 
6.1.3., drivers’ perceived effectiveness of sleepy driving countermeasures often does 
not align with countermeasure usage. Also highlighted in the aforementioned section 
is that the most effective methods of avoiding sleepy driving involve ceasing or 
postponing journeys. As such, the following hypothesis was posed: 
H3: The mothers’ usage of countermeasures that involve stopping driving will 
be significantly lower than the perceived effectiveness of those 
countermeasures. 
Within the literature there are no clear suggestions of which behaviours 
postpartum mothers would be willing to undertake in order to avoid sleepy driving. 
Therefore, to identify the behavioural skills that mothers would be most willing to 
implement, the following research question was addressed: 
RQ4: What strategies to avoid sleepy driving are most feasible for postpartum 
mothers? 
6.2. Method 
6.2.1. Participants 
Postpartum mothers were recruited from the general community through media 
advertising.  
6.2.1.1. Inclusion criteria 
The population of interest were mothers who had given birth to a single child 
within the prior six months, and were residing in Australia. The mothers were 
168 Chapter 6: Study 2a—Postpartum Driving 
required to hold a current driver’s licence. The sample was also restricted to women 
18 years or older to ensure informed consent was obtained.  
Study 1 employed “high level” exclusion criteria based on maternal health 
factors known to contribute to fatigue or sleepiness, such as anaemia, 
hypothyroidism, mastitis and depression. Within this study, rather than exclude 
potential participants, the mothers were asked about these factors and assessments 
were conducted to identify whether any systematic differences in sleepiness were 
identified between groups.  
6.2.1.2. Final sample size 
One hundred and forty-three mothers participated in this study by completing 
the online questionnaire (described below in Section 6.2.2.). Six mothers’ data was 
excluded due to incorrectly reporting their baby’s birth date, and in turn not allowing 
accurate calculation of the mother’s current postpartum week, or because their infant 
was over 10 months of age. Six mothers in their seventh postpartum month, however, 
were retained in the study as their data did not significantly differ from the other 
participants. Therefore, the final sample comprised 137 postpartum mothers. 
6.2.2. Materials 
This study used an online questionnaire, administered via Key Survey (hosted 
by Queensland University of Technology), to investigate driving behaviour and 
cognitions. The investigation areas were chosen based on the literature review and 
findings from Study 1. The questionnaire is provided in Appendix D.  
The mothers completed the Depression, Anxiety and Stress Scale - 21 (DASS-
21; Lovibond & Lovibond, 1995). Henry and Crawford (2005) demonstrated that the 
Total scale has high internal consistency (, as does the Depression subscale 
( = 0.88) in a large non-clinical adult sample. High internal consistency was 
demonstrated in the current sample with the Total scale ( = .90) as well as the 
Depression subscale ( = .89). 
The mothers indicated the total number of times they drove during the prior 
seven days during each of the five time periods of interest (6:00 am to 10:59 am; 
11:00 am to 1:59 pm; 2:00 pm to 3:59 pm; 4:00 pm to 8:59 pm; and 9:00 pm to 5:59 
am), which assessed general driving occurrence. These time periods were selected to 
allow comparisons with the data in Study 1a. For each time period, they were asked 
 Chapter 6: Study 2a—Postpartum Driving 169 
to indicate the main reasons they drove, with up to three reasons able to be selected. 
The reasons offered included “go to / from shops”, “errands”, and “social outing”. To 
assess driving safety concerns, the participants were provided a list of six impaired 
drivers (e.g., drink drivers, fatigued or tired drivers) and asked to indicate their level 
of concern for each one on a six-point scale (1 = not a problem at all, to 6 = 
extremely serious problem). 
To assess sleepy driving occurrence, the mothers were asked to indicate how 
sleepy they felt, using the KSS, during each of the time periods during the last seven 
days on average. Sleepy driving cognitions were assessed with six statements with 
which the participants were required to indicate the appropriate occurrence on a 5-
point scale (1 = hardly ever, 3 = half of the time, 5 = almost every time). The mothers 
were asked to indicate on a Yes/No scale whether they were aware of nodding off 
whilst driving since the birth of their baby. If they indicated that they had nodded off, 
they were asked to indicate how many times, as well as if they were involved in a 
crash or near miss during the incident.  
To investigate sleepy driving countermeasures, the mothers were presented 
with 18 countermeasures and asked to indicate their perceived effectiveness (1 = not 
at all effective to 10 = very effective), followed by the frequency of their usage (1 = 
never to 10 = very often), and lastly their willingness to use each one (1 = not at all 
willing to 10 = definitely willing).  
6.2.3. Procedure 
Ethical clearance for this research study was obtained from the University 
Human Research Ethics Committee (Project No. 1300000112) prior to recruitment. 
The questionnaire was piloted with nine mothers who had children aged from four 
months to two years. This was done to assess the feasibility of the questionnaire, 
including completion time, understanding of the items, and technical considerations. 
At the bottom of each questionnaire page a “Comments” box was provided to allow 
the mothers to provide feedback on the questionnaire items if they wished to do so. 
In addition, the pilot participants were questioned about what incentives were 
deemed appropriate for participants upon completion of the questionnaire. The 
comments provided, as well as the time frames indicated, were taken into account 
and utilised to modify and improve the questionnaire. Upon completion of piloting, 
the questionnaire was distributed for data collection. 
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In order to employ a targeted approach, forums that attract mothers with infants 
were utilised. Thus, a QUT media release was created in collaboration with the QUT 
Marketing and Communications team and shared via the QUT Twitter account. 
Information about the study was also advertised on the ‘Participate in research’ 
webpages for QUT’s Centre for Accident Research and Road Safety—Queensland 
(CARRS-Q) website as well as Institute for Health and Biomedical Innovation 
webpage. The study was also advertised via QUT email distribution lists, such as 
QUT classifieds. A print advertisement was placed in Brisbane Kids magazine, 
which is a free magazine distributed via baby shops, cafes, sporting events and other 
family-oriented outlets. A link to the QUT media release was also shared on the 
Facebook pages for mother and baby groups based in Australia. Additionally, a 
postcard advertising the study was developed and disseminated via cafes and 
letterboxes in Brisbane. These media avenues were targeted using a staggered 
approach to maximise recruitment over a six month period. 
The questionnaire was available for completion via the CARRS-Q website 
between May and December 2013. Potential participants were directed to the 
questionnaire url. Upon accessing the questionnaire the potential participants were 
informed about the project, and asked to provide informed consent in order to 
complete the questionnaire. Screening questions asked respondents to indicate that 
they met each of the inclusion criteria. The respondents navigated through the pages 
containing the items, thanked for their time upon completion and provided with the 
contact details of the chief investigator if they wished to obtain further information 
about the project. The participants were given the opportunity to enter the draw to 
win one of twenty $50 department store gift cards. 
6.3. Results 
6.3.1. Data analysis 
To assess driving across the postpartum period, the mothers were categorised 
into five groups based on their postpartum week. The groups were: (1) < 6 weeks; (2) 
6 to < 12 weeks; (3) 12 to < 18 weeks; (4) 18 to < 24 weeks; (5) > 24 weeks. 
Between groups ANOVAs were conducted to identify whether there were any 
significant differences in driving frequency, as well as sleepiness whilst driving, 
across the postpartum period. Repeated measures ANOVAs were conducted to assess 
sleepiness whilst driving by time of day (H1), to identify any significant differences 
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in concern for road safety issues compared to sleepy driving (H2), and to assess 
differences in the mothers’ current usage, perceived effectiveness, and willingness to 
use sleepy driving countermeasures (H3).  
Assumptions of ANOVA to be met include: (1) variables are normally 
distributed; (2) homogeneity of variance; (3) independence of participants and 
observations (Field, 2009). Histograms (as well as measures of skewness and 
kurtosis) of relevant variables were assessed to determine whether the relevant 
variables were normally distributed. If the assumption of normality was breached a 
non-parametric alternative assessment was conducted (e.g. the Friedman Test as an 
alternative to the repeated measures ANOVA). The Levene’s test was used to assess 
the assumption of homogeneity of variance. Due to the cross-sectional nature of the 
data, each participant only contributed one piece of data per variable. If a significant 
difference was identified, the most suitable post hoc test was conducted to identify 
where the significant difference appeared. 
6.3.2. Screening items  
To ensure the mothers were the primary caregiver for their infant, the 
percentage of responsibility for infant care within their family was ascertained. One 
hundred and thirty-one mothers indicated they had greater than half of the 
responsibility for caring for their infant. Six mothers indicated they had 50% of the 
responsibility for caring for their infant. The sample was screened to ensure it 
comprised a homogenous group in regard to ESS scores. There were three 
participants that did not respond to all ESS items, thus their sleepiness scores were 
considered invalid and excluded from all sleepiness analyses. Potential grouping 
variables were identified and ESS scores were compared between groups (as shown 
in Table 6.1). The Levene’s test was used to assess homogeneity of variance between 
groups in each analysis, and it was not violated in any analyses. Thus, the sample 
was considered a homogenous group and subsequent analyses were conducted on the 
whole sample.  
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Table 6.1  
Comparisons of ESS Scores Between Potential Grouping Factors  
 Mean ESS  
(SD) 
Statistical analysis 
Factor 1 
(Yes) 
2 
(No) 
3  
Other children 7.43 
(4.57) 
7.28 
(3.63) 
 t(132) = 0.21, ns, r = .02. 
Birth typea 7.35 
(4.26) 
7.04 
(4.46) 
7.71 
(3.12) 
F(2, 131) = 0.15, ns, r = .05. 
Premature birthb 10.00 
(5.66) 
7.24 
(4.02) 
 t(127) = 1.83, ns, r = .16. 
Feeding typec 7.67 
(4.28) 
6.70 
(3.41) 
7.00 
(4.30) 
F(2, 131) = 0.68, ns, r = .10. 
Maternal health factors     
Anaemia 6.14 
(3.80) 
7.43 
(4.13) 
 t(132) = -0.80, ns, r = .07. 
Hypothyroidism 6.64 
(3.20) 
7.42 
(4.19) 
 t(132) = -0.61, ns, r = .05. 
Mastitis 7.67 
(5.13) 
7.35 
(4.11) 
 t(132) = 0.13, ns, r = .01. 
Urinary tract 
infection 
9.00 
(7.07) 
7.33 
(4.09) 
 t(132) = 0.57, ns, r = .05. 
Depression  
(DASS subscale)d 
7.79 
(5.56) 
7.31 
(3.94) 
 t(132) = 0.41, ns, r = .04. 
Depression  
(Previous diagnosis) 
6.85 
(5.25) 
7.48 
(3.81) 
 t(132) = -0.71, ns, r = .06. 
Note. Participants included in Group 1 reported the presence of the factor (Yes) and 
participants included in Group 2 did not report the presence of the factor (No), unless 
otherwise annotated.  
aGroup 1 = Vaginal birth; Group 2 = Scheduled Ceasarean; Group 3 = Emergency 
Ceasarean. bGroup 1 = Gestation < 37 weeks (World Health Organisation, 2015b). 
cGroup 1 = Solely breastfeeding; Group 2 = Bottle-feeding (either solely or in 
combination with breastfeeding); Group 3 = Feeding involving solids (either solely 
or in combination with breastfeeding and bottle-feeding). dModerate score or higher 
(Lovibond & Lovibond, 1995).  
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6.3.3. Demographics 
The mean age of participants was 32.5 years (SD = 4.55 years). A large 
proportion of the sample (86.1%) reported having an Australian cultural background, 
with three participants (2.1%) reporting a mixed cultural background that included 
Australian. Sample demographics are provided in Table 6.2. As can be seen, this was 
the first child for approximately half of the sample. There was one single mother 
within the sample, the remainder were either married or had a partner. 
Approximately two-thirds of the sample were exclusively breastfeeding. Three-
quarters of the sample indicated they were on maternity leave at the time of 
questionnaire completion.  
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Table 6.2  
Study 2 Sample Demographics 
Demographic No. of mothers % of sample 
Primiparous 70 51.1% 
Marrried/Partner 136 99.3% 
Completed a Bachelor Degree or higher 97 70.8% 
Currently on maternity leave 104 75.9% 
Exclusively breastfeeding 85 62.0% 
Infant gender   
Male 77 56.2% 
Female 60 43.8% 
Delivery Method   
Vaginal birth 91 66.4% 
Scheduled Caesarean 24 17.5% 
Emergency Caesarean 22 16.1% 
Mothers’ current postpartum week   
< 6 weeks 16 11.7% 
> 6 weeks & < 12 weeks 35 25.5% 
> 12 weeks & < 18 weeks 29 21.2% 
> 18 weeks & < 24 weeks 27 19.7% 
> 24 weeks 30 21.9% 
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6.3.4. Driving frequency 
Out of the final sample of 137 mothers, three mothers indicated that they did 
not drive in the week prior to completing the questionnaire. There were a total of 
1438 journeys undertaken by the sample in the week prior to questionnaire 
completion. Across the sample the mean number of driving journeys undertaken was 
10.50 (SD = 6.50). The number of journeys ranged between 0 (did not drive in the 
week prior to questionnaire completion) to 31 journeys. 
6.3.4.1. Driving frequency across the postpartum period  
An analysis to see how frequently mothers were driving at different time points 
throughout the postpartum period was conducted. The postpartum period was divided 
into five groups and a one-way between-groups ANOVA was conducted. Even 
though there were uneven sample sizes in the groups, the Levene’s test for 
homogeneity of variances was not violated. There was a statistically significant 
difference in drive frequency between the postpartum groups with a medium effect 
size, F(4,132) = 3.17, p = .016, r = .30. The mean scores for the five postpartum groups 
are shown in Table 6.3. Post-hoc comparisons using Tukey HSD indicated that the 
mean drive frequency for mothers within the first 6 postpartum weeks was 
significantly lower than mothers between 12 and 18 weeks postpartum, as well as 
significantly lower than mothers 24 weeks postpartum or later. 
Table 6.3  
Driving Frequency During the Prior 7 days for Each Postpartum Week Group 
  Driving Episodes 
Postpartum week n M (SD) Range 
< 6 weeks 16 5.69 (3.84) 0 – 12  
6 weeks to < 12 weeks 35 10.34 (5.83) 3 – 25  
 12 weeks to < 18 weeks 29 11.41 (7.13) 0 – 29  
18 weeks to < 24 weeks 27 10.44 (6.74) 1 – 25  
> 24 weeks 30 12.40 (6.60) 3 – 31  
Total 137 10.50 (6.50) 0 – 31  
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6.3.4.2. Driving frequency by time of day and reasons for driving  
Table 6.4 presents the total number of driving journeys by time of day, which 
indicates that the highest proportion of the journeys were undertaken in the morning 
between 6:00 am and 10:59 am. The majority (81.97%) of the journeys were 
undertaken during the day between 6:00 am and 3:59 pm, and a very small 
proportion (3.33%) took place in the late night and early morning hours.  
Table 6.4  
Number and Percentage of Journeys, and Common Reasons for Driving by Time of 
Day 
Time Period Number Percentage Reasons 
6:00 am to 10:59 am 468 32.55% 1. Go to / from shops (n = 76) 
2. Errands (n = 66) 
Social outing (n = 66) 
11:00 am to 1:59 pm 352 24.48% 1. Go to / from shops (n = 85) 
2. Social outing (n = 78) 
3. Errands (n = 61) 
2:00 pm to 3:59 pm 354 24.62% 1. Go to / from shops (n = 69) 
2. Errands (n = 54) 
3. Social outing (n = 51) 
4:00 pm to 8:59 pm 216 15.02% 1. Social outing (n = 38) 
2. Go to / from shops (n = 22) 
3. Errands (n = 17) 
9:00 pm to 5:59 am 48 3.34% 1. Social outing (n = 18) 
2. Other (n = 3) 
Total 1438 100.00% 1. Go to / from shops (n = 254) 
2. Social outing (n = 251) 
3. Errands (n = 198) 
4. Day care or school drop off / 
pick up (n = 92) 
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The mothers were asked to indicate up to three reasons for driving during each 
time period that they drove in the prior week. Across all time periods, the most 
prevalent reasons for driving were to go to / from the shops, for a social outing, to 
run errands, and then to do the day care or school drop off / pick up (as indicated in 
Table 6.4). There appeared to be a slight shift in the most common reason to drive 
across the 24-hour day. During the day, the most prevalent reason for driving was to 
go to the shops, and from 4 pm onwards the most prevalent reason was for a social 
outing.  
6.3.5. Sleepy driving occurrence 
Table 6.5 shows the number of mothers who indicated driving during each time 
period and the mean KSS rating for each time period. The majority of the mothers 
reported driving between 6:00 am and 10:59 am, and a noticeably smaller number 
drove between 9:00 pm and 5:59 am. The average KSS rating for journeys between 
6:00 am and 10:59 am was 3.98, which represents subjective assessment of neither 
sleepy nor alert but lower than alert. The table shows a trend of an increase in KSS 
ratings over the subsequent times of day, with the average KSS rating between 9:00 
pm and 5:59 am falling between neither sleepy nor alert and sleepy. As previously 
described in Section 4.2.3.4., scores of 5 or more are considered high KSS scores, 
thus the mean score between 9:00 pm and 5:59 am falls within this high range. It is 
also important to note the wide ranges during all time periods. 
Table 6.5  
Average KSS Whilst Driving for Each Time of Day 
Time period n Mean (SD) Range 
6:00 am and 10:59 am 125 3.98 (2.17) 1 – 8  
11:00 am and 1:59 pm 116 4.01 (1.94) 1 – 9  
2:00 pm and 3:59 pm 116 4.26 (2.14) 1 – 9  
4:00 pm and 8:59 pm 85 4.66 (2.13) 1 – 9  
9:00 pm and 5:59 am 37 5.54 (2.27) 1 – 9  
Note. Mean, SD and Range based on the number (n) of participants who reported 
driving during each time period. 
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An assessment of sleepiness whilst driving across time of day was conducted. 
A repeated measures ANOVA was conducted on those mothers who had KSS data 
for all time periods across the day (n = 36). A significant effect of time of day was 
found, Wilks’ Lambda = .56, F(4, 32) = 6.24, p < .001, np2 = .44. Post-hoc tests 
revealed that sleepiness whilst driving between 9:00 pm and 5:59 am (M = 5.50, SD 
= 2.29) was significantly higher than between 6:00 am and 10:59 am (M = 4.22, SD 
= 2.34), between 11:00 am and 1:59 pm (M = 3.78, SD = 1.97), as well as between 
2:00 pm and 3:59 pm (M = 4.11, SD = 2.19). There was no significant difference in 
sleepiness whilst driving between 9:00 pm and 5:59 am and sleepiness whilst driving 
between 4:00 pm and 8:59 pm (M = 4.83, SD = 2.18). 
To investigate whether there was any variation in sleepiness levels when 
driving across the postpartum period, a between groups ANOVA was conducted 
using postpartum week groups as the categorising variable. The analysis utilised KSS 
data for the time period between 6:00 am and 10:59 am. This time period was chosen 
as it was the time when the highest number of journeys were undertaken, and the 
greatest number of mothers drove during this period compared to the other time 
periods. The groups had uneven sample sizes, but the Levene’s test revealed that the 
assumption of homogeneity of variance was not violated. There was no significant 
difference in KSS ratings across the postpartum week groups, F(4, 120) = 1.22, ns, r = 
.20, with a small to medium effect.  
6.3.6. Driving incidents 
The mothers were asked whether they had experienced one or more of five 
possible safety incidents since the birth of their baby. As shown in Table 6.6, a small 
number had forgotten to put on their seatbelt whilst driving. Eleven mothers reported 
forgetting to put on their car lights when driving at night. There were 21 mothers 
(15.79%) who had forgotten to put on a child passenger’s seatbelt, and 54 mothers 
(40.60%) reported forgetting to fasten the strap on the baby capsule. Seven mothers 
reported that they had nodded off or fallen asleep whilst driving since the birth of 
their baby, with four of these mothers reporting more than one occurrence. Of the 
seven mothers who reported nodding off, one indicated that she experienced a crash 
or near miss when she nodded off. 
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Table 6.6  
Occurrence of Driving Incidents During the Current Postpartum Period 
  Frequency 
Driving incident n 1 2 3 4 5 
Forgotten to turn on the car 
lights when driving at night 
11      
Forgotten to put on your 
seatbelt whilst driving 
4      
Forgotten to put on child 
passenger’s seatbelt 
21      
Forgotten to fasten the strap 
on the baby capsule 
54      
Fallen asleep or nodded off, 
even for a moment, whilst 
driving 
7 
3 2 1 0 1 
Note. n = Number of mothers who reported experiencing the incident during the 
current postpartum period. 
6.3.7. Sleepy driving attitudes 
The mothers were asked how concerned they were about six possible driving 
safety issues and the descriptive information is shown in Table 6.7. Drivers who 
speed excessively was endorsed as the most concerning safety issue and drivers 
using illegal drugs was endorsed as the least concerning issue. To identify whether 
the sample reported significantly more concern about any of the driving safety issues 
over the others, a Friedman Test was performed as the data was not normally 
distributed. A significant difference was found in the rating of the six driving safety 
issues, X2(5, n = 137) = 32.42, p < .001. Post hoc analyses were conducted using 
Wilcoxon Signed Rank Test to make five comparisons with Bonferroni adjusted 
alpha value of .01. The mothers had a similar level of concern for tired drivers and 
drivers using illegal drugs, as well as similar concern for tired drivers and drink 
drivers. There were significant differences in concern for tired drivers and distracted 
drivers (z = -2.87, p = .004, r = -.17), drivers using mobile phones (z = -3.00, p = 
.003, r = -.18), as well as speeding drivers (z = -4.14, p < .001, r = -.25), with small 
to medium effect sizes identified. 
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Table 6.7  
Descriptive Statistics of the Level of Concern for Common Driving Safety Issues  
Driving safety issue Median Mean rank Range 
Drivers who speed excessively 5.00 3.91 1 – 6 
Drivers using mobile phones 5.00 3.60 1 – 6 
Distracted drivers 5.00 3.59 1 – 6 
Drink drivers 5.00 3.46 1 – 6  
Fatigued or tired drivers 5.00 3.27 1 – 6 
Drivers using illegal drugs 5.00 3.18 1 – 6 
 
The mothers were asked about how frequently they experience one or more of 
six possible cognitions relating to sleepy driving, and the descriptive information is 
provided in Table 6.8. On average, the sample indicated that they sometimes think 
about how sleepy they are before they get in the car and sometimes realise they are 
tired after commencing a driving journey. On average, the sample indicated that over 
half of the time they keep driving because they want to get home or because they are 
only going a short distance even when aware that they are feeling tired.  
Table 6.8  
Descriptive Statistics of the Frequency of Sleepy Driving Cognitions 
Sleepy driving cognition M (SD) Range 
I think about how sleepy I am before getting in the 
car to drive 
1.99 (1.24) 1 – 5  
When I am driving, I realise I am tired after 
commencing the journey 
1.97 (0.93) 1 – 5 
When I feel tired whilst driving, I keep driving 
because I just want to get home 
3.07 (1.57) 1 – 5 
When I feel tired whilst driving, I keep driving 
because I am only going a short distance 
3.20 (1.49) 1 – 5 
It is possible for me to get someone else to drive if I 
feel too sleepy 
2.25 (1.36) 1 – 5 
If I am feeling too tired, it is possible for me to 
postpone driving trips until someone else can drive 
2.81 (1.49) 1 – 5 
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6.3.8. Countermeasures  
A series of one-way repeated measures ANOVAs were conducted to identify 
any significant differences between countermeasure perceived effectiveness, current 
usage, and willingness to use; an analysis was conducted on each countermeasure. 
Post-hoc analyses were requested for each analysis to determine where the 
significant differences were. The means, standard deviations and significant 
differences are presented in Table 6.9. 
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Table 6.9  
Mean Scores and Comparisons between Perceived Effectiveness, Current Usage, and 
Willingness to Implement Sleepy Driving Countermeasures  
Countermeasure Effectiveness 
M (SD) 
Usage 
M (SD) 
Willingness 
M (SD) 
p2 
Stop and get out of the car 7.40 (2.32)a** b* 4.24 (3.04)a** c** 8.16 (2.72)b*c** .56 
Put on loud music 5.86 (2.46)a*b* 5.16 (3.19)a*c** 6.59 (3.32)b*c** .23 
Eat sweets or mints 5.01 (2.53) a**b** 3.83 (3.18) a**c** 6.09 (3.54) b**c** .37 
Drink water 5.75 (2.47)a** 5.46 (3.13)b** 7.77 (2.96)a**b** .44 
Stop to eat or drink 7.26 (2.08)a**b* 5.29 (3.08)a**c** 7.96 (2.82)b*c** .45 
Have a caffeinated drink 6.29 (2.35)a** 4.68 (3.30)a**b** 5.83 (3.72)b** .23 
Stop and have a nap 7.88 (2.37)a**b** 2.71 (2.54)a**c** 6.43 (3.45)b**c** .71 
Drive slower 3.31 (2.22)a*b* 2.57 (2.52)a*c** 4.21 (3.64)b*c** .32 
Drive faster or more actively 2.25 (1.87)a** 1.58 (1.56)a**b* 2.15 (2.56)b* .17 
Drink an energy drink 4.76 (2.54) a**b** 2.02 (2.08) a**c** 3.15 (3.24) b**c** .52 
Wind down the window 5.37 (2.27)a** 4.81 (3.15)b** 6.79 (3.37)a**b** .31 
Take a caffeine pill 4.07 (2.53)a**b** 1.26 (1.21)a** 1.64 (2.02)b** .52 
Take an alertness medication 4.11 (2.51)a**b** 1.16 (0.95)a**c* 1.60 (1.97) b**c* .57 
Stop and sleep somewhere, 
and continue the next day 
8.83 (2.10)a**b** 2.96 (2.98)a**c** 6.84 (3.50)b**c** .77 
Increase the heat in the car 1.81 (1.57)a**b* 1.35 (1.21)a**c** 2.47 (2.81)b*c** .20 
Swap drivers 9.28 (1.46)a** 6.23 (3.34)a**b** 8.99 (2.10)b** .50 
Turn on the fan or AC 5.15 (2.70)a** 4.71 (3.06)b** 6.78 (3.36)a**b** .38 
Splash water on your face 5.40 (2.55)a**b** 2.84 (2.65)a**c** 6.76 (3.13)b**c** .60 
a b and c indicate relationships.  
*p < .05, **p < .001. 
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As highlighted in the table, the countermeasures that were perceived to be most 
effective were to (1) swap drivers, (2) stop and sleep somewhere, and continue the 
next day, (3) stop and have a nap, (4) stop and get out of the car, and (5) stop to eat 
or drink. Swapping drivers was endorsed as a very effective countermeasure. The 
countermeasures that were used most by the mothers were (1) swap drivers, (2) drink 
water, (3) stop to eat or drink, and (4) put on loud music. However, the mean usage 
was only slightly higher than the mid-point on this scale.   
As indicated in Table 6.9, the repeated measures ANOVAs found significant 
differences in the perceived effectiveness of the majority of countermeasures and 
actual usage of those countermeasures. Specifically, while the mothers indicated that 
swapping drivers was a very effective countermeasure, the actual usage of this 
countermeasure was significantly lower. A similar effect was found with those 
countermeasures involving stopping driving (i.e., to sleep somewhere and continue to 
drive the next day; to have a nap; to eat or drink; or to get out of the car). While these 
countermeasures were endorsed as effective, the actual usage was significantly 
lower. 
The countermeasures that the mothers reported they were most willing to use in 
the future were (1) swap drivers, (2) stop and get out of the car, (3) stop to eat or 
drink, and (4) drink water. The mothers were highly willing to use these strategies. 
These top three countermeasures that the mothers were willing to use in the future 
were also perceived to be effective countermeasures. However, it was interesting to 
find that the mothers indicated they were more willing to drink water than other 
countermeasures that they identified as more effective.  
6.4. Chapter Discussion 
This was the second quantitative study conducted as part of the elicitation 
research stage in the IMB model. This study collected empirical data to contribute to 
the preventative information, motivation and behavioural skills relevant to avoiding 
sleepy driving for postpartum mothers. Cross-sectional questionnaire data was 
obtained, which allowed comparison of findings from Study 1a with a larger sample. 
This section summarises the results and conclusions offered from this study.  
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6.4.1. Preventative information 
There was one research question and one hypothesis posed within this study 
that informed the preventative information construct of the IMB model; these are 
addressed in turn. 
6.4.1.1. Characteristics of mothers’ driving during the postpartum period 
The findings summarised in this section and the following Section 6.4.1.2 
contributed towards the following research question: 
RQ1: What are the characteristic patterns of mothers’ driving during the 
postpartum period? 
Within the current study, the mean number of driving journeys for mothers 
from 6 weeks postpartum onwards was similar to findings in Study 1a. That is, 
within the present study the mean number of journeys was between 10 and 13 and 
there was wide variability between the mothers. Within this study, also similar to 
Study 1a, there were mothers who drove over 20 times within the prior week. Thus, 
confirming a level of exposure to the road environment that is of concern for some 
mothers during this period of potentially high sleepiness. Even though there was not 
a significant difference identified, the highest mean number of driving episodes was 
recorded during the last postpartum period. Thus, it would be interesting to 
investigate whether number of journeys continues to increase after the period 
assessed in this study, particularly in light of suggestions that sleepiness may persist 
beyond this period (see Chapter 7 regarding sleepiness duration within this sample).  
The most pertinent finding regarding exposure within this study was that the 
mothers drove the least within the first six weeks. This was not clearly found in 
Study 1a, however at 6 weeks postpartum over half of the sample recorded their 
lowest number of driving journeys and the lowest mean number of journeys were 
recorded (but not significant). As that assessment occurred at six weeks postpartum, 
there was suggestion that the mothers may have been reducing their driving within 
the first six postpartum weeks. Study 1b also identified driving self-regulation in 
attempts to reduce the occurrence of sleepy driving. The previous literature on 
driving self-regulation is generally regarding people not feeling confident in their 
driving ability (e.g. older adults). Therefore, one possible explanation for this self-
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regulation is that the due to their fragmented sleep and sleepiness the mothers were 
not confident in their ability to drive, thus reducing or choosing not to drive.  
It is also possible that during this time of transition mothers were spending 
more time in the home and less time driving. A number of qualitative research 
studies exploring women’s experiences of becoming mothers have identified that the 
early postpartum period encompasses a great deal of learning and a time of transition 
(e.g., Darvill et al., 2010; Wilkins, 2006). The sample within the current study 
included mothers who gave birth via caesarean section, which may have contributed 
to a reduction in driving in the early postpartum period. Information brochures 
provided to mothers suggest approximately six weeks postpartum is when mothers 
who have a caesarean delivery would be fit to drive a vehicle again (e.g., The 3 
Centres Collaboration, 2011). At present there are no strict guidelines regarding 
driving following caesarean delivery in Australia, and the current advice to 
practitioners is that a driver needs to demonstrate the ability to brake in an 
emergency and navigate through unexpected situations (The Royal Australian and 
New Zealand College of Obstetricians and Gynaecologists, 2012). Therefore, it is 
possible that some mothers within this study were advised by medical professionals 
not to drive for a period of time after giving birth.  
Within the current study, the highest proportion of driving journeys occurred in 
the morning and a small number of journeys occurred late at night or in the early 
hours of the morning, which is in line with the findings of Study 1a. Results of the 
current study indicated that over 80% of driving journeys occurred during the day 
(between 6:00 am and 3:59 pm). The most prevalent reason for driving during the 
day was to go to or from the shops. This was an important but not an entirely 
surprising finding, as 88% of Australian adults reported using a passenger vehicle to 
go to the shops or for social outings in 2012 (Australian Bureau of Statistics, 2013a). 
This census data also indicated that 71% of Australian adults went to and from work 
or full-time study in a passenger vehicle, thus this would be a prevalent reason for 
daytime driving in the general population. “Going to and from work” was a response 
option within the questionnaire in this study, however with three-quarters of the 
current sample on maternity leave this option was not heavily endorsed. Thus, going 
to or from the shops may be a distinctive reason for mothers’ driving during the 
postpartum period and cease to be the most prevalent reason after the postpartum 
phase has concluded or if the mother returns to work. Identifying the most prevalent 
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reason for daytime driving also provided valuable insight into feasible sleepy driving 
avoidance strategies, as will be discussed in Section 6.4.3.2.  
Within this study, as well as in Study 1a, less than 5% of the driving journeys 
occurred late at night or in the early hours of the morning. Driving between 2:00 am 
and 5:00 am has been identified as one risk factor associated with having a crash 
resulting in injury (Connor et al., 2002). Also, Martiniuk et al. (2013) recently found 
that sleeping less than six hours per night was associated with crashes between 
midnight and 5:59 am, as well as between 8:00 pm and 11:59pm. Thus, it was 
positive to identify few journeys during this time of day that is associated with 
elevated crash risk due to sleepiness. Within this study the most prevalent reason for 
driving in the evening or early hours of the morning was for social outings. 
Identification of this reason offers a focus point for sleepy driving avoidance 
interventions. Study 1b identified that postpartum mothers may take on the role of 
“designated driver” when attending social outings. These two findings taken together 
suggest there may be a need to educate mothers about the risks associated with 
sleepy driving during evening and early morning hours.  
6.4.1.2. Mothers’ sleepiness whilst driving during the postpartum period 
Average sleepiness whilst driving fell around neither sleepy nor alert, and 
there were wide ranges during all time periods. When considering the data from all 
participants, there was a trend of mean KSS ratings increasing as a function of time 
period across the day. Of note, the mean KSS for the time period 9:00 pm to 5:59 am 
was the only one that fell into the high KSS range, which is associated with elevated 
crash risk (Åkerstedt et al., 2008). These findings suggest that sleepiness whilst 
driving increased across the day, in line with general sleepiness. As the mothers’ 
reported their average KSS for each time period they drove in the prior week, direct 
comparisons with the prospective data obtained in Study 1a are not appropriate. 
Further discussion of this time of day effect is discussed below in Section 6.4.1.3. 
Within the current study there were seven mothers who indicated they had 
nodded off whilst driving during their postpartum period. Three of these mothers 
indicating nodding off once, while the remaining four mothers nodded off more than 
once. Anund, Kecklund, Peters, and Åkerstedt (2008) found that drivers who 
experienced sleepiness-related incidents and crashes demonstrated a greater 
appreciation for the associated risks of sleepy driving. In light of this suggestion it 
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was interesting to find these mothers that repeatedly drove with such high sleepiness 
that they experienced subsequent nodding off occurrences. One explanation is that 
the mothers did not appreciate the dangers associated with sleepy driving. It is 
possible that nodding off without an accompanying negative effect may have actually 
had reinforcing effect. Alternatively, the mothers may have understood the risks 
associated with sleepy driving, however as identified within Study 1b, they may have 
had a strong perceived necessity to undertake these journeys. 
6.4.1.3. H1: The mothers will report the highest sleepiness whilst driving 
between 9pm and 6am than other times of day. 
Partial support was found for this hypothesis. When focusing on mothers who 
drove during each time of day in the prior week, reported sleepiness was 
significantly higher whilst driving between 9:00 pm and 5:59 am than all time 
periods between 6:00 am and 3:59 pm, with a large effect size identified. These 
results are similar to Armstrong et al.’s (2014) finding of twice as many high 
sleepiness than low sleepiness driving journeys in the evening and early morning for 
postpartum mothers. These findings in the current study are in line with sleepiness 
predictions based on the two-process model of sleep (Borbély, 1982), except the 
diurnal dip. As there was no clear evidence of a diurnal dip in the present study or 
Study 1a, there is suggestion that there may not be a marked diurnal dip in this 
population. A possible explanation for the lack of evidence of a diurnal dip is the 
high levels of sleep fragmentation commonly experienced by postpartum mothers 
disrupting the circadian rhythm.  
Only one result provided a lack of support for the hypothesis. Sleepiness in the 
early evening (between 4:00 pm and 8:59 pm) did not significantly differ from 
sleepiness during late night and early morning journeys (between 9:00 pm and 5:59 
am). This was an unanticipated yet interesting finding. The early evening is the time 
of day when sleepiness starts increasing for the evening (Borbély, 1982). As such it 
should be more difficult to identify a statistically significant difference between 
sleepiness levels in the early evening and late night hours, than between daytime 
hours and late night hours. The reduced sample for this repeated measures analysis (n 
= 36) may not have been large enough to identify the predicted difference in 
sleepiness. Alternatively, the sleep fragmentation experienced by postpartum 
mothers may be encouraging circadian rhythm phase advancement. Even though two 
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findings within this study may suggest a possible circadian rhythm disruption within 
this sample, it was beyond the scope of this research program to explore this further.  
6.4.2. Preventative motivation 
There was one hypothesis and one research question posed within this study to 
addressed preventative motivation construct of the IMB model, which are addressed 
in turn. 
6.4.2.1. H2: The mothers will perceive drink driving to be a more concerning 
safety issue than sleepy driving. 
This hypothesis was not supported. The mothers in this study reported a similar 
level of concern for sleepy driving and drink driving. This finding is contrary to 
Vanlaar, Simpson, Mayhew, et al.’s (2008) study which found Canadian drivers’ 
were more concerned about drink driving than sleepy driving. It is possible that there 
has been a rise in awareness of the seriousness of sleepy driving as a safety issue 
with the rise in public education campaigns (e.g., Department of Transport and Main 
Roads, 2010), which may have been picked up by the time period between these two 
studies. Alternatively, it is possible that Australian and Canadian drivers hold 
differing levels of concern for sleepy driving and drink driving. This highlights that 
safety perceptions may not be easily transferable to other nations with similar road 
environments and regulations. Thus, this indicates that careful consideration needs to 
be taken before applying findings from the current research program to other nations.  
It was interesting to find that the mothers were more concerned about speeding 
drivers, drivers using their phones, and distracted drivers than sleepy drivers. These 
findings were in line with Vanlaar, Simpson, Mayhew, et al.’s (2008) findings. These 
three behaviours display obvious safety concerns, e.g., swerving into another lane or 
running up the back of another car. It is possible that the increased clarity of 
visualising these safety incidents may make them more concerning. Another reason 
to indicate greater concern about a safety issue is if there is belief that it occurs more 
frequently. It is possible that these postpartum mothers lack awareness of the 
prevalence of sleepy driving within the general population, and if so, this awareness 
needs to be raised.  
Finding that the mothers in this study indicated a similar level of concern for 
drink driving and sleepy driving was informative, particularly in light of previous 
findings suggesting that drivers perceive drink drivers to be more culpable than 
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sleepy drivers if an incident occurs (Williams et al., 2012). Culpability may tap into 
perceptions about the avoid ability of driving incidents. For example, drink drivers 
may be perceived to be more culpable than sleepy drivers because drink driving is 
preceded by the very specific, identifiable and avoidable behaviour of consuming 
alcohol. In contrast, sleepy driving is not always preceded by a specific or easily 
identifiable behaviour, as physiological processes primarily determine its occurrence. 
Additionally, some people may not feel that sleepy driving is avoidable. For example 
as indicated in Study 1b, some mothers have the perception of needing to undertake 
certain driving journeys with the view that there are no alternative options. Thus, 
phrasing these items in terms of concern for safety issues rather than culpability 
following an incident is a possible reason the current study found differing results to 
Williams et al.’s study.  
6.4.2.2. Mothers’ cognitions regarding their sleepiness and driving 
The findings summarised in this section contributed towards the following 
research question: 
RQ3: What are the mothers’ attitudes toward avoiding sleepy driving? 
Within this study the mothers commonly reported continuing to drive after 
noticing sleepiness symptoms because they were only going a short distance. This 
suggests that the mothers were making decisions based on judgements of exposure 
and safety risk. That is, the view that only driving a short distance reduces exposure 
and in turn the safety risk associated with experiencing a sleepy driving incident. 
Study 1b also identified that some mothers were purposely undertaking shorter 
distance and shorter duration driving journeys during the postpartum period. A lack 
of appreciation for the risk associated with sleepy driving during short trips and in 
urban areas may be understandable as educational campaigns regarding sleepy 
driving avoidance often have underlying references to long distance journeys (e.g., 
Department of Transport and Main Roads, 2010). It was valuable to identify that 
mothers were making judgments based on exposure and safety risk. However, there 
appears to be a need for greater education about the risks associated with sleepy 
driving during shorter journeys and in urban areas. Specifically, that crash risk 
exponentially increased with high levels of sleepiness (Åkerstedt et al., 2008), and 
sleepy driving incidents can occur on urban roads.  
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As discussed in Section 6.4.1.1, when driving during the day (which is when 
the majority of journeys took place), the mothers were most commonly going to or 
from the shops, or completing errands. As such, these journeys were unlikely to be 
long distance or duration journeys. In addition to continuing to drive when sleepy 
because they were only going a short distance, the mothers commonly reported a 
desire to get home. This desire to get home has previously been reported by other 
Australian drivers as a reason for partaking in sleepy driving (Armstrong et al., 
2010). It appears as though these two reasons may have a cumulative effect on 
postpartum mothers choosing to continue to drive when sleepy. For example, a 
potential thought process with these views could be: “I really want to get home, and 
it’s only a short journey home.” It is likely that the desire to get home would only be 
compounded with an infant in the car. The implication of these findings is that rather 
than trying to get mothers to stop and have a break on a short trip home, a more 
effective approach may be to get them to think about their sleepiness prior to leaving 
the house. 
Within this study it was identified that the mothers sometimes think about 
sleepiness prior to getting in the car and sometimes think about their sleepiness whilst 
driving. These findings suggest that they believe sleepy driving is something that 
should be considered but do not appear to be concerned enough to always consider it 
prior to or when driving. This is in line with the findings in Study 1b. This finding 
provides scope for encouragement of developing positive attitudes towards 
considering sleepiness prior to getting in the car and monitoring sleepiness whilst 
driving. Development of these attitudes may benefit from mothers being educated 
about the signs of sleepy driving as well as the risks associated with 
neurobehavioural skills when exhibiting these signs (e.g., nodding off represents 
extremely high crash risk). The implications for this finding in regards to sleepy 
driving avoidance strategies is discussed further in Section 6.4.3.  
6.4.3. Preventative behavioural skills 
There was one hypothesis and one research question posed within this study to 
address the preventative behavioural skills construct of the IMB model. These are 
addressed in turn. 
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6.4.3.1. H3: The mothers’ usage of countermeasures that involve stopping 
driving will be significantly lower than the perceived effectiveness of 
those countermeasures. 
The most effective strategies for avoiding sleepy driving involve removing 
drivers from the road environment. Thus, of the countermeasures provided to the 
mothers within the current study, swapping drivers and stopping to sleep somewhere, 
to nap, or to eat or drink were the most effective countermeasures. Support was 
found for this hypothesis, as there was a significant difference found between 
perceived effectiveness and usage of these countermeasures, and very large effect 
sizes were identified. The mothers perceived these countermeasures to be effective 
for avoiding sleepy driving, but they only reported using them a moderate amount.  
It is positive to identify that the mothers perceived these strategies to be 
effective. This suggests that the mothers had quite accurate knowledge of sleepy 
driving avoidance strategies, which may be a result of road safety public education 
campaigns. However, the high perceived effectiveness taken together with the low 
usage of stopping to sleep somewhere or stopping to nap suggests that these 
strategies may not be perceived to be feasible options for postpartum mothers. 
Having an infant or other children in the car is likely to make these strategies 
challenging to implement. Overall, this finding indicates that the perceived 
effectiveness of a countermeasure does not always equate to usage of that 
countermeasure, which is similar to previous findings by Watling et al. (2014). 
6.4.3.2. Willingness to implement sleepy driving countermeasures 
The findings summarised in this section contributed towards the following 
research question: 
RQ4: What strategies to avoid sleepy driving are most feasible for postpartum 
mothers? 
The mothers within this study indicated they would be very willing to swap 
drivers to avoid sleepy driving, thus providing an effective and potentially highly 
accepted strategy for postpartum mothers. In order to effectively implement this 
strategy the mothers would need to have other drivers, who are not incapacitated 
themselves, at their disposal. That is, postpartum mothers would need to be able to 
call upon another driver who is also not sleepy or otherwise impaired (e.g., 
intoxicated) to undertake their desired driving journey. Thus, implementing this 
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strategy would likely need some forethought and planning. Fortunately, it was 
identified that the most prevalent reason for daytime driving was to go to or from the 
shops, which suggests some flexibility for when daytime driving journeys would 
need to occur. 
The mothers within this study also indicated that they would be willing to 
implement countermeasures that involve stopping the car and removing themselves 
from the road environment, such as getting out of the car, or to eat or drink. It was 
positive to find that these mothers were willing to remove themselves from the road 
environment and particularly as they may delay their arrival at their destination. In 
addition, the mothers were quite willing to stop and sleep somewhere or nap, even 
though they reported using these strategies infrequently. It is possible that these 
strategies are deemed feasible by postpartum mothers when undertaking longer 
journeys, however as identified in this study, most of their current journeys were of 
short duration. The discrepancy between willingness and usage within this sample 
may be due to the purpose of journeys. These strategies are unlikely to be used 
during short journeys going to or from the shops. It is possible that the mothers 
would be willing to implement these strategies when driving longer distances. 
Drinking water was also a countermeasure that the mothers were willing to 
implement in the future. This countermeasure does not remove the driver from the 
road environment and there does not appear to be any literature supporting drinking 
water as a sleepiness reduction countermeasure for drivers. Consuming caffeine has 
demonstrated some sleepiness reduction effects (Horne & Reyner, 1996). However, 
the greater willingness to drink water rather than caffeine suggests that some of these 
postpartum mothers may have been restricting their caffeine intake. Overall, this 
finding suggests that mothers may desire the use of effective in-car countermeasures 
that do not hinder their journey, in addition to strategies that would postpone arrival 
at their destination.  
Within sleepy driving cognitions, identifying that the mothers only sometimes 
thought about their sleepiness before getting in the car was an important finding for 
the development of strategies to avoid sleepy driving. When postpartum mothers 
have high levels of sleepiness, the best way to avoid sleepy driving is to identify this 
high sleepiness prior to getting in the car and making alternative arrangements. 
Identifying that this behaviour is not often employed suggests that mothers may need 
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encouragement to develop positive attitudes towards considering their sleepiness and 
refraining from driving when sleepy. 
6.4.4. Strengths and limitations 
A strength of this study was the collection of quantitative data regarding 
driving behaviour in the postpartum period, with a medium-sized sample. This 
provides baseline data regarding postpartum driving that can be built upon in the 
future. In addition, the study contributes valuable data regarding sleepiness whilst 
driving within this population, as the literature within this field is currently sparse. It 
was also one of the first to quantitatively assess postpartum mothers’ attitudes 
towards sleepy driving, and willingness to employ sleepy driving countermeasures or 
avoidance strategies.  
This study relied on self-report data, which has limitations regarding the 
reliability of the data. Specifically within this study, issues of socially acceptable 
behaviour and accurate recall of behaviour may have impacted the mothers’ 
reporting. It is possible that the mothers under-reported any behaviour that they 
deemed social unacceptable, for example, nodding off whilst driving. It is also 
possible that under-reporting of behaviour occurred due to the need to recall driving 
behaviour within the prior week and driving journeys being potentially forgotten.  
The biggest limitation was that the data was based on the participant’s 
recollection of events. In regard to their sleepiness levels whilst driving, the mothers 
were asked to formulate an average sleepiness for each time period that they drove, 
which required a number of steps. That is, this required recollection of the driving 
journeys that occurred, as well as recollection of their sleepiness each time, and then 
formulating an average if they drove more than once. Thus, this assessment would 
not have been as accurate or sensitive as prospectively recording sleepiness during 
each journey.  
6.4.5. Concluding comments 
In conclusion, Study 2a provided valuable data to inform the preventative 
information, motivation, and behavioural skills constructs of the IMB model. 
Specifically, it was identified that mothers were driving most in the morning and 
least during late night and early morning hours. Even though mothers’ sleepiness 
whilst driving was not significantly higher during late night journeys, the average 
sleepiness of the sample during those late night journeys fell within the high 
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sleepiness range. It was also identified that mothers only sometimes thought about 
their sleepiness prior to getting in the car, which indicates a point of potential 
intervention. The mothers also reported that they would be willing to implement 
sleepy driving avoidance strategies that would remove them from the road 
environment, which was a promising finding. Findings from the current study 
provided support for key findings from Study 1 regarding sleepy driving in the 
postpartum period, as assessed within a larger sample. The following chapter 
describes the questionnaire data obtained within this cross-sectional sample of 
postpartum mothers, with a focus on sleep and sleepiness. 
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Chapter 7: Study 2b—Postpartum Sleepiness 
7.1. Introduction 
Chapter 6 described the methodology of Study 2 and presented the findings of 
the driving data. Experiencing high sleepiness is a potential predisposing factor 
toward sleepy driving in the postpartum period. Thus, investigating postpartum 
sleepiness as a health behaviour that may be reduced or prevented is a key strategy 
toward avoiding sleepy driving in the postpartum period. To investigate this strategy, 
the current chapter presents the investigation of postpartum sleepiness within Study 
2, which was within the elicitation research step of the IMB model. 
7.1.1. Preventative information 
As highlighted in the literature review in Chapter 2, postpartum sleepiness has 
been assessed via a range of methods, including differing measures used and 
assessment time points chosen.  As such, the duration of postpartum sleepiness is not 
well understood to date. Study 1a provided some insight into the experience of 
sleepiness across the postpartum period. Within that study, at 6 weeks postpartum 
half of the mothers were classified with EDS, at 12 weeks postpartum this rose to 
two-thirds and then reduced during the last two assessment periods. However, overall 
there was no clear trend in the sleepiness data across the assessed period. Further 
investigation with a larger sample may provide insight into whether there is a clear 
pattern of sleepiness levels across the postpartum period or not.  
There is a paucity of literature that has specifically investigated the impacts of 
postpartum sleepiness on mothers’ real-life functioning, that is, in a non-
experimental setting. Postpartum sleepiness has been reported to impact completion 
of daily tasks frequently for a high proportion of mothers at 6 weeks postpartum and 
then reduce later in the postpartum period (Armstrong et al., 2014). Specifically, 
difficulty with concentration, which in turn affects many aspects of postpartum 
mothers’ lives has been identified (Livingstone et al., 2009). Within Study 1a in this 
research program, it was identified that sleepiness affected concentration a few days 
a week early in the postpartum period, and slightly less frequently later in the 
postpartum period. The mothers within this study also reported sleepiness impacting 
their irritability and physicality, but not as frequently as their concentration. Study 1b 
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revealed that the mothers felt that their sleepiness impacted them in four domains of 
their lives; the mothers described physical, cognitive, emotional and social impacts 
of postpartum sleepiness. Physically having a lack of energy and experiencing 
concentration difficulties lead to challenges with completing their normal tasks as 
well as not completing them at all. It would be valuable to find further support for 
these impacts to contribute to information about the common postpartum experience.  
The most commonly investigated contributing factors towards postpartum 
sleepiness are mothers’ and infants’ sleep, with a small amount of consideration for 
other factors. As highlighted in the literature review in Chapter 2, newborns’ sleep-
wake cycle requires maturation. Thus, newborns’ and infant sleep is characterised by 
frequent night wakings. Due to mothers commonly taking on the primary caregiver 
role, a direct relationship has been found between infant sleep and maternal 
postpartum sleep (Hunter et al., 2009). Particularly when assessing frequency of 
night wakings, strong relationships have been found between infant and maternal 
sleep (Sinai & Tikotzky, 2012).  
The high levels of sleepiness experienced in the postpartum period is 
commonly thought to be a result of reduced sleep. Postpartum mothers’ objectively 
measured TST has been found to be associated with ESS scores (Insana et al., 2011). 
However, there are reports that TST is not as reduced during the postpartum period 
as expected, and a high level of sleep fragmentation is the typifying factor 
(Montgomery-Downs et al., 2010). Recently, postpartum mothers have demonstrated 
higher levels of sleep fragmentation, sleepiness and neurobehavioural performance 
deficits than control women (Insana & Montgomery-Downs, 2013). Thus, overall 
there are suggestions that increased sleepiness is associated with decreased TST and 
increased sleep fragmentation.  
In Study 1a, an analysis of mothers’ retrospective as well as acute sleepiness in 
conjunction with sleep measurement provided valuable knowledge. The objective 
assessment of maternal postpartum sleep revealed notable sleep fragmentation across 
the whole period. The subjective assessment of sleep identified strong relationships 
between the mothers’ and infants’ sleep variables, suggesting that mothers sleep 
structure is highly dependent on their infants’ sleep. Mothers’ subjective sleep 
quantity (TST) was related to acute sleepiness during the latter three assessment 
periods. However, as there were no other consistent relationships found between 
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sleepiness and sleep variables it is likely that other factors were contributing to 
mothers’ postpartum sleepiness.  
The interviews conducted in Study 1b revealed that the mothers perceived their 
sleepiness to be impacted by factors that fell into three broad categories: biological, 
psychological, and social factors. The biological factors primarily concerned 
inadequate sleep, and the psychological factors included infant sleep appraisal. The 
small amount of literature looking at postpartum sleep and psychological factors 
mainly relates to understanding infant sleep (Henderson et al., 2010) and suggests a 
need to identify whether postpartum mothers have realistic expectations. The social 
factors identified with Study 1b were concerning fulfilling their responsibilities 
within their household. Within the literature there is suggestion that mothers continue 
to have numerous household tasks to complete during the postpartum period (Razurel 
et al., 2011). Thus, in addition to investigating biological factors that may contribute 
to postpartum sleepiness, there appears to be a need to further investigate potential 
psychological and social factors that may also contribute.  
7.1.2. Preventative behavioural skills 
The most common suggestion within the literature or general information 
provided to postpartum mothers is to nap during the day or “sleep when your baby 
sleeps” (Mindell & Owens, 2003). These strategies are aimed at compensating for 
sleep lost during the night. This strategy is likely to be beneficial if utilised; however, 
is not effective as a stand-alone strategy, particularly in light of reports from 
postpartum mothers that it can be difficult to implement due to the inconsistency and 
unpredictability of infants’ sleep (Martell, 2001). Also, if there are other small 
children in the care of the mother, the need to care for them can also hinder the 
ability to nap during the day. More recently, Insana et al. (2014) investigated 
nocturnal infant caregiving within couples and identified that the mothers provided 
the most frequent night-time care, even outside of feeding. The researchers suggested 
that there is scope for postpartum sleep to be improved if couples identify, 
implement and adhere to nocturnal infant care strategies. 
7.1.3. IMB model focus 
This study was the fourth investigation within the elicitation research step of 
the IMB model approach utilising a cross-sectional questionnaire design focusing on 
postpartum sleepiness and its potential contributing factors. The study aimed to 
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collect empirical-based data to contribute to the knowledge about postpartum 
sleepiness within the information construct. The study also aimed to investigate the 
behavioural skills specifically related to attempting to reduce postpartum sleepiness. 
7.1.4. Research questions and hypotheses 
7.1.4.1. Preventative information 
Similar to Study 2a, the first objective of this study was to assess whether 
results from Study 1, which had a modest sample size, would be replicated in a larger 
sample size. That is, this study aimed to confirm the preventative information data 
obtained in the prior study, specifically the information regarding to postpartum 
sleepiness. Following the suggestion in Study 1b that psychological and social 
factors may also contribute to postpartum sleepiness in addition to the biological 
factors commonly represented in the literature, all of these factors were explored. 
This study addressed the following research question: 
RQ2: What are the common characteristics of maternal postpartum sleepiness? 
Based on the literature and findings from Study 1, the following hypotheses 
were posed: 
H4: Maternal sleep fragmentation will demonstrate a significant positive 
correlation with infant sleep fragmentation.  
H5: Maternal sleep fragmentation will demonstrate a significant positive 
correlation with maternal sleepiness. 
H6: Maternal total sleep time will demonstrate a significant negative 
correlation with maternal sleepiness. 
7.1.4.2. Preventative behavioural skills 
The second objective of this study was to obtain quantitative data regarding the 
behavioural skills of avoiding sleepy driving, thus the following research question 
was addressed:  
RQ4: What strategies to avoid sleepy driving are most feasible for postpartum 
mothers? 
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As the focus in this study was on postpartum sleepiness, the study specifically 
investigated the strategies mothers employ that may reduce their sleepiness, which 
could in turn assist with sleepy driving avoidance.  
7.2. Method 
7.2.1. Participants 
The final sample comprised 137 mothers who had given birth to a single child 
within the prior seven months, over 18 years of age, held a current driver’s licence 
and were residing in Australia. A more detailed description of inclusion criteria was 
included provided in Section 6.2.1.1. Sample demographics were provided in 
Chapter 6, Table 6.1.  
7.2.2. Materials 
An online questionnaire, administered via Key Survey, was used in this study. 
The questionnaire (provided in Appendix D) was developed based on the literature 
review and findings from Study 1.  
7.2.2.1. Sleepiness 
Sleepiness was assessed using the Epworth Sleepiness Scale (ESS; Johns, 
1991). As previously mentioned, the ESS is an 8-item scale that measures a person’s 
sleep propensity based on the respondent’s indication of the likelihood of them 
falling asleep in different situations. Also as previously described, ESS scores 
between 0 and 10 fall within the normal range and scores greater than 10 represent 
excessive daytime sleepiness (EDS; Johns & Hocking, 1997). Good internal 
consistency was identified within the current sample ( = .79). 
To identify whether the mothers’ perceived their sleepiness levels to fluctuate 
throughout the day, they were asked to rate their average level of sleepiness during 
the prior seven days (1) when waking up in the morning, (2) during the day, and (3) 
during the evening. These ratings were collected using the KSS, which as detailed 
earlier employs a 1 (very alert) to 9 (very sleepy) rating scale. 
Sleepiness impacts 
The mothers were asked to indicate how frequently sleepiness affects them in 
five aspects of their lives on a 5-point scale, from 1 (every day) through 3 (once a 
week) to 5 (never). The five aspects were physically, mentally, emotionally, socially, 
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and their ability to get through daily tasks. These items were replicated from Study 
1a. 
7.2.2.2. Biological factors 
Maternal sleep 
The mothers were questioned about their sleep during the week prior to 
questionnaire completion. Six key maternal sleep variables were obtained. The 
variables were nightly sleep duration, number of night wakings for infant, longest 
uninterrupted sleep period, total number of naps, sleep onset time, sleep wake time. 
Each variable was assessed with a single item that was purpose-developed for this 
study to allow comparison with the data from Study 1a. 
To determine nightly sleep duration, the mothers were asked to indicate, in 
hours and minutes, the average duration of their nightly sleep during the prior week. 
The mothers reported the average number of times they were woken to care for their 
infant between 10:00 pm and 6:00 am during the prior week, which provided night 
wakings for infant data. The mothers were asked to report their longest uninterrupted 
sleep period in the prior week in hours and minutes. To capture sleep onset time, the 
mothers were asked to indicate when they had usually gone to sleep during the prior 
week, on a scale with 30-minute intervals ranging from “Before 5:00 pm” to 
“Midnight or after midnight”. To capture sleep wake time, they were also asked when 
they had usually woken up during the prior week, on a scale with 30-minute intervals 
between “Before 4:00 am” and “After 10:00 am”. The mothers were asked to 
indicate the total number of naps they took during the prior week. If they had 
napped, they were asked to also report their average nap duration in hours and 
minutes. 
Infant sleep 
Four key infant sleep variables, relating to the prior week, were obtained. The 
variables were night wakings, longest uninterrupted sleep period, sleep onset time, 
sleep wake time. Each variable was assessed with a single item. The mothers 
indicated the average number of times their infant woke between 10:00 pm and 6:00 
am during the prior week. The mothers were asked to report their infant’s longest 
uninterrupted sleep period in the prior week in hours and minutes. The mothers were 
asked to indicate the times when their infant had usually gone to sleep at night and 
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woken in the morning using the same scales utilised for maternal sleep onset time 
and sleep wake time.  
Maternal behaviour related to maternal and infant sleep 
The mothers were provided with seven options of behaviours that could aid or 
maximise their sleep. They were asked to select all behaviours they had used in the 
prior week, as well as provided with the options of “other” or “none”. Three options 
were entirely behaviour-based and four options were regarding self-medication. Of 
the three behaviour-based options, “try to adhere to a set bedtime” and “try to get to 
bed early” were deemed potentially feasible options for the majority of mothers. The 
other behaviour-based option provided, “get another person to attend to the baby at 
night”, was not deemed as feasible for breastfeeding mothers. These items were 
purpose-developed for this study. 
The mothers were asked whether they aim for a regular bedtime for their infant 
at night. The four response options were “Yes, every day”, “Yes, most days”, “Yes, 
on some days”, and “No, there is no set routine”. To identify the behaviours the 
mothers employed to get their infant to sleep, the Parental Interactive Bedtime 
Behavior Scale (PIBBS; Morrell & Cortina-Borja, 2002) was administered. Using a 
five-point rating scale (0 = never, to 4 = very often), respondents are asked to 
indicate how often they use various methods to put their infant to sleep. The PIBBS 
lists 17 behaviours that fall into five subscales; the subscales are active physical 
comforting (6 items), encouraging autonomy (3 items), settle by movement (2 items), 
passive physical comforting (2 items) and social comforting (4 items). Subscale 
scores are converted to percentages, which are weighted by the number of items 
comprising each subscale, to allow direct comparison between the subscales. 
Example behaviours include “cuddling or rocking in arms” (active physical 
comforting), “car rides” (settle by movement), and “singing a lullaby” (social 
comforting). The PIBBS has previously demonstrated moderate internal consistency 
( = 0.71) (Morrell & Cortina-Borja, 2002); moderate internal consistency was also 
demonstrated with the current sample ( = .78).  
7.2.2.3. Psychological factors 
The results from Study 1b suggested that psychological factors may contribute 
to postpartum sleepiness. The suggestions were that the appraisal of their infant’s 
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sleep, as well as accurate knowledge of and expectations regarding infant and 
postpartum sleep, may contribute to sleepiness. In addition, the priorities mothers 
hold in regards to completing their everyday tasks compared to resting and 
recovering from sleep was another avenue of potential exploration. Thus, the four 
potential factors of knowledge, infant sleep appraisal, priorities, and expectations 
were each investigated with four purpose developed items. As such, the mothers 
were asked to indicate how much they agreed to the 16 statements on a 1 (strongly 
disagree) to 5 (strongly agree) scale. A principal components analysis was 
conducted on these items and is presented in the Results (Section 7.3.3.2), including 
Cronbach’s  values for each scale. Following this, knowledge and priorities 
maintained four items each, and infant sleep appraisal and expectations both 
comprised three items. Subscale scores were calculated as the mean of the items 
comprising the subscale, with one negatively worded item in expectations reverse 
scored prior to calculation. 
The Maternal Cognitions about Infant Sleep Questionnaire (MCISQ; Morrell, 
1999) was completed by the mothers. The questionnaire includes 20 items on a six-
point scale ranging from 0 (strongly disagree) to 5 (strongly agree), with four 
negatively worded items. The questionnaire comprises five subscales including 
safety, feeding, limit setting, anger and doubt. The safety subscale comprises 2 items 
and feeding comprises 3 items, with the remaining subscales each comprising 5 
items. Subscale scores were calculated by reverse scoring the negatively worded 
items and calculating the sum of the responses on the relevant items. Example items 
are “When my child wakes at night, I think I might not have given him/her enough 
attention during the day” (doubt); and “When my child cries at night and needs me, I 
wish he/she wasn’t so demanding” (anger). Morrell (1999) demonstrated the MCISQ 
to be a psychometrically valid measure with high internal consistency (= 0.82) and 
test-retest reliability (r = .81); high internal consistency was also identified with the 
current sample ( = .80). 
7.2.2.4. Social factors 
Based on the findings in Study 1b, taken together with a lack of validated 
measures assessing family social functioning during the postpartum period, a number 
of purpose-developed items were used to assess these social factors. The mothers 
were asked to indicate the breakdown of responsibility (in terms of percentage) 
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within their family for both infant care tasks and household tasks. The groups offered 
were self, their partner, other family members, or other/paid help. The values 
assigned were required to add up to 100. The key variables extrapolated were the 
mothers’ infant care responsibility and household tasks responsibility. In addition to 
being a social factor potentially contributing to postpartum sleepiness, the infant care 
responsibility variable was used to ensure the mothers were the primary caregivers. 
As the mothers were primary caregivers, they were asked to indicate how frequently 
they had help with both the night-time and daytime care of their infant on a 1 (every 
day) to 6 scale (never). The key variables extrapolated were frequency of night-time 
assistance and frequency of daytime assistance. These two items were the same as 
those used in Study 1a, which allowed comparison between the data.  
The mothers were provided a list of seven tasks regarding the care of their 
infant (e.g., feeding, taking to medical appointments), and asked to indicate on a 1 
(never) to 5 (every time) scale, how often they perform each task. The mothers’ 
scores on the seven items were summed to create an overall frequency of infant care 
tasks completion score. The mothers were provided a list of six tasks regarding the 
functioning of their household (e.g., cooking dinner, grocery shopping), and asked to 
indicate on a 1 (never) to 5 (every time) scale, how often they perform each task. The 
mothers’ scores on the six items were summed to create an overall frequency of 
household tasks completion score. These items were purpose-developed for this 
study. 
7.2.3. Procedure 
A detailed description of the procedure for the current study is provided in 
Chapter 6, Section 6.2.3. 
7.3. Results 
7.3.1. Data analysis 
Between groups ANOVAs were conducted to identify whether the assessed 
variables differed across the postpartum period. Assumptions of ANOVA to be met 
include: (1) variables are normally distributed; (2) homogeneity of variance; (3) 
independence of participants and observations (Field, 2009). Histograms (as well as 
measures of skewness and kurtosis) of relevant variables were assessed to determine 
whether the relevant variables were normally distributed. If the assumption of 
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normality was breached the Kruskal-Wallis Test was used as this is a non-parametric 
assessment of difference between groups. ANOVA can be robust to uneven samples 
(Field, 2009). The Levene’s test was used to assess the assumption of homogeneity 
of variance. If this was breached the Kruskal-Wallis Test was also used. Due to the 
cross-sectional nature of the data, each participant only contributed once, thus the 
third assumption was met within this study. If a significant difference was identified 
between groups, the most suitable post hoc test was conducted to identify which 
groups significantly differed.  
To identify relationships between variables, correlations were conducted. 
Assumptions of Pearson’s correlation coefficient analyses include: (1) variables are 
continuous, that is either interval or ratio; (2) linear relationship between two 
variables; and (3) variables are normally distributed (Field, 2009). Therefore, these 
analyses were only conducted on continuous variables. Prior to conducting analyses, 
each variable was checked for normality using histograms, as well as measures of 
skewness and kurtosis. Scatterplots were used to check for a linear relationship. If 
any assumptions were violated Spearman’s rho correlations were conducted as the 
alternative analysis.  
7.3.2. Postpartum sleepiness 
7.3.2.1. Descriptives 
Of the final sample of 137 mothers, three mothers missed a response on the 
ESS thus rendering their sleepiness score invalid. The mean ESS score for the 
remaining sample was 7.36 (SD = 4.1, Range = 0 to 20), which represents an average 
level of sleepiness. Almost one-quarter of the sample (22.4%) obtained scores 
representing EDS, and the remaining 77.6% obtained scores within the normal range. 
To assess sleepiness across the postpartum period, the mothers were categorised into 
five groups based on their postpartum week. The groups were: (1) < 6 weeks; (2) 6 to 
< 12 weeks; (3) 12 to < 18 weeks; (4) 18 to < 24 weeks; (5) > 24 weeks. As the 
group with those mothers less than 6 weeks postpartum had a smaller sample size (n 
= 16) than the other groups, the Levene’s test was used to assess homogeneity of 
variance and it was not violated. Therefore a one-way ANOVA was conducted and 
found no significant differences in sleepiness between the groups with a small to 
medium effect, F(4, 129) = 1.78, ns, r = .23.  As displayed in Figure 7.1, mean 
sleepiness for those mothers less than 6 weeks postpartum fell just within the normal 
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range. Additionally, there was a slight dip in sleepiness during postpartum weeks 18 
to 24, with mean sleepiness sitting at 5.88. The percentage of mothers with scores 
representing EDS are also provided in Figure 7.1. 
 
 
Figure 7.1. Mean ESS and percentage classified with EDS for each postpartum week 
group.  Error bars represent standard errors. Shaded area indicates scores 
representing EDS. 
The mothers rated their average level of sleepiness (measured using KSS) 
during the prior seven days when waking up in the morning, during the day, and 
during the evening. A repeated measures ANOVA found that there was a significant 
difference in the sample’s mean KSS ratings between the three times of day, Wilks’ 
Lambda = .56, F(2,135) = 52.53, p < .001, p2 = .44, indicating a large effect size. Post 
hoc comparisons found that the mothers felt significantly sleepier when waking in 
the morning (M = 6.88, SD = 1.62) than during the day (M = 5.29, SD = 1.80), and 
the mothers felt significantly more sleepy during the evening (M = 6.46, SD = 1.99) 
than during the day.  
7.3.2.2. Impacts on mothers’ functioning 
Grouped by postpartum week groups, the mean scores for five aspects of 
functioning potentially impacted by sleepiness are displayed in Figure 7.2. For all 
groups, the mothers reported sleepiness affecting them physically, mentally, and 
emotionally more frequently than socially or with completing their daily tasks. That 
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is, on average the mothers indicated being affected physically, mentally, and 
emotionally a few days a week, with completing their daily tasks once a week, and 
affected socially between once a week and once a month. 
 
Figure 7.2. Frequency of impacts of sleepiness for each postpartum week group.  
Error bars represent standard error. 
7.3.3. Biopsychosocial factor descriptives 
7.3.3.1. Biological factors 
The biological factors of maternal sleep and infant sleep were investigated. In 
addition, maternal behaviours related to their own sleep as well as their infants’ sleep 
are described.  
Maternal sleep 
Table 7.1 presents descriptive data on the mothers’ sleep variables. Across the 
sample, the mothers slept for 6 hr 17 min and experienced 2.41 wakings per night, on 
average. They went to sleep at 9:50 pm and awoke at 5:51 am on average. Almost 
one-quarter (22.63%) of the sample reported typically going to sleep at 11:00 pm or 
later. For all variables presented in the table, it is important to note wide variability in 
the data.  
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Table 7.1  
Descriptives of Maternal Sleep Variables 
Mothers’ sleep variable M (SD) Median Range 
Nightly sleep duration  06:17 (01:13) 06:00 03:00 – 10:00 
Longest uninterrupted sleep 04:32 (01:54) 04:00 00:20 – 09:00 
Nightly wakings for infant 2.41 (1.22) 2 0 – 7 
Sleep onset time 21:50 (01:10) 21:30 16:30 – 24:00 
Sleep wake time 05:51 (01:13) 06:00 03:30 – 10:00 
Total number of naps  1.93 (1.98) 1 0 – 9 
Average nap durationa 00:57 (00:34) 01:00 00:10 – 03:00 
Note. a n = 106 (reflecting the number of participants who indicated they napped in 
the prior week, with four missing or invalid responses). 
Maternal sleep remained stable over the postpartum period. That is, no 
significant differences were found in average nightly sleep (F(4,132) = 1.88, p = .118, r 
= .23), longest uninterrupted sleep period (F(4,129) = 2.25, p = .067, r = .26), or 
number of nightly wakings to attend to infant (F(4,56.74) = 2.42, p = .059, r = .24), 
with small to medium effect sizes identified. There were also no significant 
differences found between maternal sleep onset time (F(4,56.12) = 0.17, p = .954, r = 
.07) or maternal sleep wake time (F(4,132) = 0.82, p = .517, r = .16), with small effect 
sizes. A significant difference was found between number of naps taken across the 
postpartum period with a medium effect size, F(4,57.69) = 3.97, p = .007, r = .35. The 
mothers in the first 6 weeks postpartum took significantly more naps (M = 3.25, SD 
= 2.18) than those between postpartum weeks 18 and 24 (M = 1.44, SD = 1.25), as 
well as those past 24 weeks (M = 1.20, SD = 1.45). 
Infant sleep 
Table 7.2 presents descriptive data on the infant sleep variables. Overall, the 
infants’ longest sleep period was 5 hr 49 min and they were experiencing 2.53 
wakings per night, on average. They went to sleep at 7:49 pm and awoke at 5:51 am 
on average, suggesting that they were going to sleep two hours earlier than their 
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mothers but waking at the same time. For all variables presented in the table, it is 
important to note wide variability in the data. 
Table 7.2  
Descriptives of Infants’ Sleep Variables 
Infants’ sleep variable M (SD) Median Range 
Longest uninterrupted sleep 05:49 (02:33) 05:00 00:30 – 13:00 
Nightly wakings 2.53 (1.15) 2 1 – 7 
Sleep onset time 19:49 (01:31) 19:30 17:00 – 24:00 
Sleep wake time 05:51 (01:16) 06:00 03:30 – 10:00 
 
A significant difference was found in the infants’ longest uninterrupted sleep 
period across the postpartum week groups with a medium effect size, F(4, 58.73) = 4.40, 
p = .004, r = .31. Post hoc tests demonstrated the longest uninterrupted sleep period 
was significantly shorter in duration for infants during the first six weeks (M = 04:16, 
SD = 01:44) than for those between 12 and 18 weeks (M = 06:13, SD = 02:31), as 
well as for those between 18 and 24 weeks (M = 06:32, SD = 03:15), and also for 
those over 24 weeks (M = 06:24, SD = 02:34). This suggests that the longest 
uninterrupted sleep periods increased over the postpartum period. A significant 
difference was also found in the infants’ number of night wakings across the 
postpartum weeks groups, F(4, 56.33) = 3.73, p = .009, r = .26. Post hoc tests indicated 
that the average number of night wakings for infants during the first six weeks was 
significantly higher (M = 3.31, SD = 0.87) than for those between 6 and 12 weeks (M 
= 2.32, SD = 0.84), as well as for those over 24 weeks (M = 2.39, SD = 0.96).  
No significant difference was found in sleep wake time across the postpartum 
period, with a small effect size (F(4,132) = 0.73, p = .572, r = .15); however, a 
significant difference was found in the infants’ sleep onset time across the 
postpartum week groups with a medium effect size (F(4, 57.64) = 4.03, p = .006, r = 
.38). Post hoc tests indicated that the average sleep onset time was significantly later 
for those under 6 weeks (M = 21:16, SD = 1:48) than those between 12 and 18 weeks 
(M = 19:34, SD = 01:19), 18 and 24 weeks (M = 19:24, SD = 01:14), and over 24 
weeks (M = 19:26, SD = 01:14).  
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Comparisons between maternal and infant sleep 
The sleep data indicates associations between maternal and infant sleep on the 
key variables of interest. That is, a significant moderate correlation was found 
between mother and infant’s sleep onset time (r(137) = .42, p < .001), as well as 
significant strong correlation between mother and infant’s sleep wake time (r(137) = 
.74, p < .001). Mother and infant’s night wakings were also significantly and strongly 
correlated, r(131) = .87, p < .001. In addition, a significant strong relationship was 
found between mother and infant’s longest sleep periods, r(133) = .60, p < .001. These 
four correlations were positive in direction, with sleep onset time indicating a 
moderate association and the remaining correlations suggesting strong associations.  
Maternal behaviour relating to their sleep and infant sleep 
Two maternal behaviours listed that were deemed desirable, as well as feasible 
for most mothers, were trying to adhere to a set bedtime and trying to get to bed 
early. Almost a quarter (24.8%) of the mothers did not use either of these options in 
the prior week; however, half (50.4%) reported using one option, and the final 
quarter (24.8%) used both options. About half of the sample (50.4%) reported that 
they aimed for a regular bedtime every night for their infant, and 36.5% indicated 
that they did most nights. Only 2.2% reported that they aimed for a regular bedtime 
on some days, and 10.9% reported that they had no set bedtime for their infants. 
Another behaviour that was deemed desirable, but not as feasible for those 
mothers breastfeeding through the night, was arranging for another person to attend 
to the infant if awakened. There were 21 mothers (15.3%) who indicated they had 
tried this in the prior week. With regard to the less desirable options, seven mothers 
(5.1%) indicated they had used paracetamol, one mother had used alcohol, and no 
mothers indicated using sleeping pills or sedatives in the prior week.  
As previously mentioned the PIBBS was completed to identify the behaviours 
mothers employed to get their infant to sleep. As shown in Table 7.3, active physical 
comforting had the most prevalent use, followed by social comforting, settle by 
movement, encouraging autonomy, and lastly passive physical comforting. One 
behaviour listed within the settle by movement subscale was “car rides”. Within the 
sample, 17.52% indicated they sometimes used car rides, 5.11% often used car rides 
and 3.65% used car rides very often. 
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Table 7.3  
Descriptive Statistics for PIBBS Subscales 
PIBBS Subscale M (SD) Median Range 
Active physical comforting 49.76 (20.67) 50.00 0 – 95.83 
Encouraging autonomy  23.97 (19.61) 25.00 0 – 83.33 
Settle by movement 26.73 (25.64) 25.00 0 – 100 
Passive physical comforting 18.98 (20.73) 12.50 0 – 100 
Social comforting 28.65 (22.68) 25.00 0 – 100 
Note. Data presented as percentages (%). 
A one-way between groups ANOVA indicated there was a significant 
difference in active physical comforting across the postpartum period with a medium 
effect size (F(4, 132) = 2.70, p = .034, r = .27). Post hoc comparisons using Tukey HSD 
did not find any significant comparisons, but the group means suggest a trend of a 
decrease over time. A significant difference was found in encouraging autonomy 
across the postpartum period with a medium effect size (F(4, 58.10) = 2.71, p = .039, r = 
.28). However, post hoc comparisons using Games-Howell did not find any 
significant comparisons, while the group means do suggest a trend of an increase 
over time. There were no significant differences in settling by movement across the 
postpartum period (F(4, 132) = 0.54, p = .709, r = .13), nor passive physical comforting 
(F(4, 61.19) = 1.86, p = .129, r = .23), nor social comforting (F(4, 132) = 0.87, p = .483, r 
= .16). 
7.3.3.2. Psychological factors  
Initially, the four potential factors of infant sleep appraisal, knowledge, 
previous experience, and expectations comprised of four items each, and a principal 
components analysis (PCA) was conducted. Following identification of the factor 
loadings, one item in expectations loaded on the knowledge factor. Upon further 
inspection, it was identified that the wording of the item was very similar to the 
wording of a knowledge item and as such was unlikely to provide additional 
information; therefore it was deleted. One infant sleep appraisal item was deleted as 
it did not load on the infant sleep appraisal factor (or any other factor) well.  
A final PCA was conducted on the 14 items with oblique rotation (direct 
oblimin) due to the theoretical position that the factors comprise an overarching 
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psychological factor contributing to sleepiness and thus would share some variance. 
The Kaiser-Meyer-Olkin measure verified the sampling adequacy for the analysis, 
KMO = 0.73 (“good” according to Field, 2009), and all KMO values for individual 
items were above the acceptable limit of .5 (Field, 2009). Bartlett’s test of sphericity 
2(91) = 921.52, p < .001, indicated that correlations between items were sufficiently 
large for PCA. An initial analysis was run to obtain eigenvalues for each component 
in the data. Four components had eigenvalues over Kaiser’s criterion of 1 and in 
combination explained 68.04% of the variance. The scree plot suggested the 
inclusion of the four components, therefore this is the number of components that 
were retained in the final analysis. Table 7.4 shows the factor loadings after rotation. 
The items that cluster on the same components suggest that component 1 represents 
knowledge, component 2 represents infant sleep appraisal, component 3 represents 
priorities, and component 4 represents expectations.  A reliability analysis was 
conducted on each subscale (Cronbach’s  presented in Table 7.4), which indicated 
that the knowledge and infant sleep appraisal subscales had high internal 
consistencies, and priorities and expectations demonstrated moderate internal 
consistencies.  
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Table 7.4  
Factor Loadings Based on Principal Components Analysis with Direct Oblimin 
Rotation for 14 Purpose-Developed Psychological Items (N = 136)  
 Rotated Factor Loadings 
Item KN ISA PR EX 
I knew I would sleep less after having my baby .94 .04 -.05 .03 
I knew my sleep would change after having my 
baby 
.93 -.05 -.06 .04 
I knew I’d be tired after having my baby .89 .05 .08 -.11 
I knew my baby would wake during night time 
hours 
.87 -.07 .08 -.09 
I am happy with the amount my baby sleeps -.08 -.92 -.09 -.04 
My child is a good sleeper -.02 -.87 -.02 -.04 
I think my baby’s sleep is normal for his/her age .08 -.84 .01 .07 
It is important to me that I get as much sleep as I 
can 
.19 .04 .71 .03 
It is important to me that I do things to maintain 
good physical and mental health 
-.13 .02 .69 -.29 
It is important to me that I get all my daily tasks 
done 
-.06 -.06 .67 .28 
It is important to me that my baby sleeps through 
the night as soon as possible  
.12 .10 .62 .23 
I thought my baby would sleep through the night 
by his/her current age 
-.08 -.19 .15 .76 
I didn’t think I’d be as tired as I currently am -.09 .09 .15 .72 
I thought I’d be woken as much as I currently am 
(reversed) 
-.03 .20 -.17 .54 
Eigenvalues 3.61 2.73 2.05 1.14 
% of variance 25.78 19.47 14.64 8.15 
Cronbach's .93 .86 .63 .56 
Note. KN = Knowledge. ISA = Infant Sleep Appraisal. PR = Priorities. EX = 
Expectations.  
 Chapter 7: Study 2b—Postpartum Sleepiness 213 
Based on the final items used to identify the factors, scale scores were 
calculated for each participant. Participant scores for each scale were calculated as 
the mean of their responses on all variables for each scale. The mean scores, standard 
deviations and ranges for each factor are shown in Table 7.5. As shown, the mothers 
indicated a high level of knowledge about postpartum sleep and sleepiness. However 
as a sample, the mothers appraised the infants’ sleep at a moderately content level. 
The mothers indicated that their infant sleeping through the night, getting as much 
sleep as they could, completing their daily tasks and maintaining good physical and 
mental health were quite important priorities. In regards to expectations, the mothers 
were quite neutral about expecting their infant to sleep through, being as tired as they 
were, or woken as much as they were. As the psychological factors of priorities and 
expectations were not found to be highly reliable factors, these two variables were 
not included in further analyses. There were no significant differences in knowledge 
scores across the postpartum period (F(4, 59.97) = 0.90, p = .472, r = .20), nor any 
significant differences in infant sleep appraisal scores (F(4, 61.51) = 0.58, p = .679, r = 
.11). 
Table 7.5  
Maternal Cognitions Scale Descriptives 
Factor No. of items M (SD) Range 
Knowledge 4 4.65 (0.55) 2.00 – 5.00 
Infant sleep appraisal 3 3.63 (0.93) 1.00 – 5.00 
Priorities 4 3.83 (0.67) 1.75 – 5.00 
Expectations 3 2.79 (0.88) 1.00 – 4.67 
 
The MCISQ was administered to identify cognitions specifically held about 
infant sleep. The means, standard deviations, medians and ranges for the five 
subscales of the MCISQ are shown in Table 7.6. The descriptives for each subscale 
need to be considered in light of the number of items in that subscale.  
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Table 7.6  
Descriptive Statistics of MCISQ 
Subscale No. of items M (SD) Median Range 
Safety 2 3.02 (2.44) 3.00 0 – 9 
Feeding 3 6.56 (2.92) 6.50 0 – 13 
Limit setting 5 15.81 (4.99) 17.00 3 – 25 
Anger 5 5.28 (3.37) 5.00 0 – 15 
Doubt 5 7.19 (4.16) 7.00 0 – 18 
 
The potential range of scores on the safety subscale was 0 to 10, thus the mean 
score of 3.02 falls within the lower end of this range, suggesting the sample did not 
have excessive safety concerns for their infants. The potential range of scores on the 
feeding subscale was 0 to 15, therefore the mean score of 6.56 falls in the lower end 
of this range, suggesting the mothers did not hold strong beliefs about the need for 
feeding to soothe their infant or to stop their infant going hungry at night.  
The potential range of scores on each of the remaining subscales was 0 to 25. 
With regard to the limit setting subscale, the mean of 15.81 and median of 17 both 
fall towards the higher end of the potential range, suggesting some difficulty resisting 
and responding to the infant’s demands. The anger subscale had a mean score of 
5.28, which falls on the lower end of the potential range, and there were no mothers 
who scored within the very high end of this scale. This suggests that the mothers 
were not experiencing strong feelings of anger or helplessness when their infant cried 
at night. The doubt subscale had a mean rating of 7.19, which also falls toward the 
lower end of the potential range, and there were no mothers who scored within the 
very high end of this scale. This suggests the mothers were not having strong doubts 
about the adequacy of their parenting.  
There was quite wide variability in the scores on each subscale, in particular 
safety, feeding, and limit setting ranges spanned almost the entire potential ranges. 
There were no significant differences in safety scores across the postpartum period 
(F(4, 130) = 1.40, p = .236, r = .20), nor feeding scores (F(4, 129) = 0.30, p = .879, r = 
.10), nor setting limits scores (F(4, 128) = 1.20, p = .314, r = .19), nor anger scores (F(4, 
128) = 1.60, p = .180, r = .22), nor doubt scores (F(4, 127) = 0.35, p = .847, r = .10). 
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7.3.3.3. Social factors  
Family responsibilities 
The percentage of responsibility for infant care and household tasks are 
presented in Table 7.7. On average, the mothers indicated that, based on the current 
arrangements in their household, their infant care responsibility was 80.48% (SD = 
11.55%) on average; however, this ranged between 50% and 100%. The average 
amount of household task responsibility assigned to the mothers was 66.37% (SD = 
22.98%), and 29.50% (SD = 21.20%) assigned to their partner on average. Other 
family members, friends, or paid help had a minimal amount of responsibility for 
both infant care and household tasks. There were no significant differences in infant 
care responsibility across the postpartum period (F(4, 132) = 0.30, p = .878, r = .09), 
but there was a significant difference found in household tasks responsibility with a 
medium effect size (F(4, 57.25) = 5.06, p = .001, r = .32). Post hoc tests indicate that 
mothers past 24 weeks postpartum had significantly more responsibility of household 
tasks (M = 78.47%, SD = 15.21%) than mothers within their first 6 postpartum weeks 
(M = 54.25%, SD = 26.39%) as well as mothers between 6 and 12 weeks postpartum 
(M = 63.11%, SD = 26.50%). 
Table 7.7  
Percentage of Responsibility for Infant Care and Household Tasks  
 Mother Partner Other 
family 
member/s 
Friend/s Paid help 
Infant care      
M  80.48%  16.78% 2.25% 0.04% 0.45% 
(SD) (11.55%) (10.21%) (5.48%) (0.25%) (2.94%) 
Range 50 – 100% 0 – 50% 0 – 50% 0 – 2% 0 – 30% 
Household tasks      
M  66.37% 29.50% 2.92% 0.12% 1.09% 
(SD) (22.98%) (21.20%) (10.52%) (1.29%) (4.18%) 
Range 0 – 100% 0 – 95% 0 – 80% 0 – 15% 0 – 25% 
Note. Mothers’ data is presented in boldface. 
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Frequency of completing common tasks 
The mean score for the sample regarding the frequency of infant care tasks 
completion was 30.20 (SD = 2.41), with a range between 23 and 35. This average 
equates to more than most of the time but not quite every time. There was no 
significant difference in frequency of completing infant care tasks across the 
postpartum period with a small effect size, F(4, 132) = 1.07, p = .375, r = .18. 
The mean score for the sample regarding the frequency of household tasks 
completion was 23.18 (SD = 4.49), with a range between 11 and 30. This equates to 
completing the six household tasks a little under most of the time. There was a 
significant difference found in the frequency of completing these household tasks 
across the postpartum period with a medium effect size (F(4, 132) = 4.84, p = .001, r = 
.36), with post hoc tests indicating that mothers past 24 weeks postpartum 
completing the tasks more frequently (M = 25.60, SD = 3.85) than mothers within 
their first 6 postpartum weeks (M = 20.06, SD = 4.40). 
Frequency of assistance with infant care tasks 
In regard to the frequency of night-time assistance with infant care, the mean 
rating was 2.75 (SD = 2.02), which equates to receiving help slightly more frequently 
than 3-5 times a week. There was a significant difference in the frequency of night-
time assistance across the postpartum period with a medium effect size, F(4, 57.82) = 
4.13, p = .005, r = .33. Post hoc tests indicated that mothers past 24 weeks 
postpartum received significantly less help (M = 3.70, SD = 2.15) than either mothers 
between 6 and 12 weeks postpartum (M = 2.34, SD = 1.83) or mothers between 18 
and 24 weeks postpartum (M = 1.84, SD = 1.46). In regard to the frequency of 
daytime assistance, the mean rating was 3.49 (SD = 1.85), which was receiving help 
between 3-5 times a week and 1-2 times a month. There was no significant difference 
in the frequency of daytime assistance with infant care across the postpartum period, 
F(4, 131) = 1.58, p = .185, r = .21. 
7.3.4. Associations between biopsychosocial variables and sleepiness  
To assess which biological, psychological, and social variables were associated 
with the dependent variable of interest, ESS scores, a series of correlations were 
undertaken. The results are displayed in Table 7.8. For ease of interpretation, only 
the variables that demonstrated significant correlations with ESS are included.  
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Table 7.8  
Intercorrelations Between Sleepiness and Biopsychosocial Factors 
 
1 2 3 4 5 6 7 8 
1. Sleepiness -- 
       
Biological         
2. Average nightly sleep -.22* --       
3. No. of nightly wakings .24** -.32** --      
4. No. of naps per week .19* -.16 .24** --     
5. Active physical comfort .34** -.29** .42** .21* --    
6. Settle by movement .25* -.07 .01 .07 .15 --   
Psychological         
7. Infant sleep appraisal -.21* .41** -.34** -.12 -.30** -.12 --  
8. MCISQ anger subscale .20* -.17 .03 .04 .09 .09 -.33** -- 
Note. ** p < .05. * p < .01. 
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7.3.4.1. Biological factors  
Three of the maternal biological variables were significantly correlated with 
sleepiness including average nightly sleep, number of naps taken per week, and 
number of nightly wakings. The results indicated that as nightly sleep duration 
increased, sleepiness decreased. In contrast, as the number of naps per week 
increased, sleepiness also increased. Similarly, as the number of night wakings 
increased, sleepiness also increased. Even though these associations were significant, 
they were only weak in strength. 
There was a significant weak to moderate association found between the 
PIBBS active physical comforting subscale and sleepiness, suggesting that the higher 
level of active physical comforting used, the higher the mothers’ sleepiness. There 
was a significant weak correlation found between the PIBBS settle by movement 
subscale and sleepiness, suggesting that the higher the use of movement, the higher 
the mothers’ sleepiness.  
7.3.4.2. Psychological factors  
The mothers’ knowledge scores were not significantly correlated with 
sleepiness, but there was a strong ceiling effect within the data for this variable. The 
mothers’ infant sleep appraisal scores were significantly, but weakly, associated 
with sleepiness, suggesting that as appraisal scores increased (as the mothers were 
appraising their infant’s sleep in a more positive light), sleepiness decreased. There 
was a significant weak correlation found between the MCISQ anger subscale and 
sleepiness, suggesting that with increased feelings of anger and helplessness with 
night-time infant crying, the mothers’ sleepiness also increased. 
7.3.4.3. Social factors  
Infant care responsibility and sleepiness were not significantly associated, nor 
were household tasks responsibility and sleepiness. In addition, frequency of night-
time assistance with infant care and sleepiness were not significantly correlated, nor 
were frequency of daytime assistance and sleepiness. Also, frequency of infant care 
tasks completion was not significantly associated with sleepiness, nor was frequency 
of household tasks completion. 
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7.4.  Chapter Discussion 
7.4.1. Preventative information 
The questionnaire within this study was designed to assess sleepiness in 
conjunction with potential biological, psychological and social contributing factors. 
This allowed the findings of the present study to be considered in conjunction with 
the findings from Study 1 as well as previous literature, particularly regarding the 
biological factors. In addition, the findings from the present study provided valuable 
information towards the development of the information program, which will be 
discussed in Chapter 8. The key findings may assist mothers with managing their 
postpartum sleepiness, and in turn reduce the likelihood of driving whilst sleepy 
during the postpartum period. Thus, the findings summarised in this section 
contributed towards the following research question: 
RQ2: What are the common characteristics of maternal postpartum sleepiness? 
7.4.1.1. Characteristics of mothers’ postpartum sleepiness 
In the current study, just over half of the mothers within the first 6 weeks 
postpartum were classified with EDS, which was similar to the results in Study 1a 
with approximately half of the mothers within the EDS range during postpartum 
week 6. In the current study the proportion of mothers within the EDS range 
incrementally decreased to 11.54% of the mothers between 18 and 24 weeks 
postpartum, and then the proportion increased for those mothers past 24 weeks 
postpartum. These findings from the current study suggest lower proportions of 
mothers with EDS than Study 1a. In addition, across the whole sample, mean 
sleepiness was within the average range across the entire postpartum period 
assessed. This finding is slightly different from Study 1a, in which mean sleepiness 
fell within the EDS range during postpartum weeks 6 and 12. Thus, the findings of 
the current study, which included a larger and potentially more representative sample 
of postpartum mothers, suggest the sleepiness experienced within this population was 
slightly lower than the initial indications from Study 1a. 
In the current study, sleepiness did not significantly differ between the 
postpartum week groups. That is, the results suggest that there was no systematic 
variation in sleepiness over the postpartum period. Even though a statistical 
difference was not identified, there was a trend of a dip in sleepiness during 
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postpartum weeks 18 to 24, with average scores suggesting those mothers were 
getting enough sleep. This was in line with Study 1a’s identification of postpartum 
week 18 being the least sleepy week, as well as no significant difference found 
across the weeks. This pattern identified within the current study and Study 1a was 
an interesting finding. Previous research that has identified a trend of an decrease in 
sleepiness across postpartum weeks (e.g., Insana et al., 2011) has not extended this 
far into the postpartum period. Thus, two key implications are that future research 
should continue after the first few postpartum months, and postpartum mothers 
should be informed that their sleepiness levels may decrease as well as increase 
across the postpartum period. 
Within this sample the mothers felt least sleepy during the day compared to 
waking in the morning and during the evening. The mean sleepiness ratings when 
waking in the morning and during the evening suggested the mothers were feeling 
quite sleepy during these times. However, the mean sleepiness ratings during the day 
suggested the mothers were feeling neither sleepy nor not sleepy. The finding of 
mothers feeling sleepy in the morning was contrary to expectations based on the 
sleep homeostatic drive. That is, based on this drive it was expected that the mothers 
would feel most alert in the morning. However, the sleepy feelings identified in the 
morning could potentially be a function of the mothers experiencing sleep inertia. 
Sleep inertia is a state of reduced alertness that occurs upon awakening from sleep 
(Tassi & Muzet, 2000). The mothers may have reported their feelings upon first 
waking in the morning, rather than considering the entire morning period. 
Alternatively, the high level of sleep fragmentation experienced may be causing 
sleep inertia to last longer in this population.  
7.4.1.2. The impacts of postpartum sleepiness on daily functioning 
There was an interesting pattern of results identified from the perceived 
impacts of sleepiness on mothers’ functioning. Across the entire assessed period the 
mean scores clustered into two groups; the mothers indicated being affected 
physically, mentally and emotionally (a few days a week) more frequently than 
socially (once a week). This finding is in line with the finding in Study 1b 
(qualitative data) that social impacts appeared to be secondary to physical, cognitive 
and emotional impacts. Thus, this provides support for the suggestion that social 
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impacts of sleepiness are likely to arise following negative impacts upon mothers 
physically, cognitively or emotionally.  
Concentration difficulties have been identified as a key impact of sleepiness on 
postpartum mothers’ functioning (Livingstone et al., 2009). Within this study, the 
mothers reported sleepiness affecting them mentally (with the examples of 
concentration and forgetfulness provided for this questionnaire item) a few days a 
week on average. In Study 1a mothers’ reported sleepiness affecting concentration a 
few days a week, which is similar to the current study. Also, the interviews in Study 
1b identified that the mothers’ concentration difficulties lead to challenges with 
completing normal tasks or them not being completed. These three studies within the 
present program of research each identified frequent or disrupting impacts on 
postpartum mothers’ concentration. This was a pertinent finding as driving a vehicle 
requires sustained attention and vigilance with attending to the road environment, 
and this finding suggests postpartum mothers regularly identify impairment with 
these skills.  
A notable difference in findings between the current study and Study 1a was 
regarding everyday tasks. In the current study the mothers reported everyday tasks 
were affected once a month on average, whereas in Study 1a mothers’ reported 
everyday tasks were affected a few days a week. Additionally, in Armstrong et al.’s 
(2014) longitudinal study postpartum mothers reported their daily tasks were 
frequently impacted by sleepiness. Thus, the difference found between the results in 
the current study compared to these previous studies may be due to study design. 
That is, considering sleepiness and impacts on everyday tasks during a prospective 
study may have made mothers more aware of the impacts and thus report a higher 
occurrence. In comparison the current cross-sectional study required the mothers to 
recall events, which may have led to under-reporting. 
7.4.1.3. H4: Maternal sleep fragmentation will be significantly positively 
correlated with infant sleep fragmentation.  
This hypothesis was supported as a strong, positive correlation was found 
between mothers’ and infants’ night wakings. The majority of mothers indicated that 
both they and their infant were typically experiencing more than one sleep period 
across the night. In the current study, infants in their first 6 weeks of life were 
reportedly waking more frequently than those between 6 and 12 weeks of age, as 
well as those over 24 weeks old. However, infants within the first 6 weeks of life 
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were not waking significantly more frequently than those between 12 and 24 weeks 
old. This finding suggests that infants’, and in turn mothers’, sleep fragmentation 
does not exhibit a consistent linear trajectory toward the experience of one 
consolidated sleep period. Thus, whilst infants and mothers are experiencing 
fragmented night-time sleep, mothers are potentially experiencing sleepiness levels 
associated with impaired performance when driving. 
Across the whole sample, the average number of night wakings for mothers 
was 2.41 and the average number of night wakings for infants was 2.53. These 
results are slightly lower than Sinai and Tikotzky’s (2012) findings with a sample of 
mothers and infants 4 to 5 months post-birth. The results from the current study were 
also slightly lower than Insana and Montgomery-Downs’s (2013) recent findings. 
These previous studies used prospective measurements of sleep to calculate average 
wakings, as opposed to the current study that required the mothers to retrospectively 
consider their sleep and indicate their average wakings. It is possible that this 
retrospective consideration resulted in under-reporting of the number of night 
wakings. Even though there may have been under-reporting of the sleep 
fragmentation experienced, it would have likely occurred for both mother and 
infant’s sleep. Overall, support for this hypothesis indicates that mothers’ sleep 
fragmentation is predominantly due to attending to their waking infant. 
7.4.1.4. H5: Maternal sleep fragmentation will be significantly positively 
correlated with maternal sleepiness. 
Sleep fragmentation was experienced by the majority of mothers, as indicated 
by the number of nightly wakings for their infant. The median nightly wakings 
reported by the sample was two, which in this case would result in three sleep bouts 
across a night. As previously mentioned there was not a significant change in the 
number of times the mothers were woken by their infants across the postpartum 
weeks. This level of sleep fragmentation was similar to Study 1a that identified an 
average of approximately three sleep bouts during assessment weeks 6, 12, and 18 
postpartum.  
This hypothesis was supported as a significant, positive correlation was found 
between mothers’ number of nightly wakings and sleepiness. This is similar to 
Rychnovsky and Hunter’s (2009) finding of positive correlations between fatigue 
and disturbed sleep (including night wakings) during the first six postpartum weeks. 
However, the strength of the relationship within this study was only weak to 
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moderate (Cohen, 1988). The low strength of this relationship suggests that while the 
level of sleep fragmentation experienced by mothers may contribute to postpartum 
sleepiness, other factors are also likely to contribute.   
7.4.1.5. H6: Maternal total sleep time will be significantly negatively 
correlated with maternal sleepiness. 
This hypothesis was supported as a significant negative correlation was found, 
which indicates that for this sample as nightly sleep duration (TST) increased, 
sleepiness typically decreased. Of note, this correlation was only of weak to 
moderate strength (Cohen, 1988). Within this sample, the mean TST reported was 6 
hrs 17 min (Median = 6 hrs), which is lower than the current recommendations for 
adult nightly sleep duration from the Sleep Health Foundation (2015). This suggests 
that encouraging postpartum mothers to increase their TST could be a useful strategy 
for reducing postpartum sleepiness. 
Within this study there was wide variability within the mothers’ TST. 
Approximately 16% of the mothers reported obtaining 7 hrs 30 min or more per 
night. These mothers were potentially obtaining their desired level of sleep, and 
based on the significant correlation, were more likely to report low sleepiness. 
Approximately 16% of the mothers reported obtaining 5 hrs or less per night. Thus, 
if these mothers’ ideal sleep was similar to the general population, these mothers 
could be classified as experiencing chronic partial sleep restriction. Based on the 
significant correlation identified, these mothers were more likely to report high 
sleepiness. Thus, focusing interventions on mothers experiencing short TST could be 
beneficial. Also similar to Study 1a, TST did not significantly differ across the 
postpartum period. This suggests that postpartum sleep education should not be 
focused on the immediate weeks post-birth, but across the whole postpartum period.  
7.4.1.6. Key biopsychosocial factors associated with sleepiness 
Biological factors 
As addressed in Section 7.4.1.5., a significant negative correlation was 
identified between maternal TST and sleepiness. A significant positive correlation 
was identified between the number of maternal night wakings and sleepiness. That is, 
as the number of mothers’ night wakings increased, so too did sleepiness. This builds 
on from Insana and Montgomery-Downs’s (2013) study that identified that 
postpartum women experience higher levels of sleep fragmentation and sleepiness, 
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by identifying a significant correlation between the two variables. Of note, there was 
a significant negative correlation between TST and night wakings. This finding 
indicates that those mothers being woken more frequently were typically 
experiencing lower TST. Thus, it is possible that night wakings were reducing TST 
and in turn increasing sleepiness. However, identifying causal relationships was not 
possible within this study and would be a valuable avenue of investigation for future 
research.  
A significant weak positive correlation was identified between the number of 
naps taken by mothers and their sleepiness. That is, as number of naps taken per 
week increased, sleepiness also increased. This positive correlation suggests that 
mothers’ who were experiencing high sleepiness were more likely to utilise nap 
opportunities. Over three-quarters of the sample indicated they had taken at least one 
nap in the week prior to completing the questionnaire. For mothers in the first 6 
postpartum weeks, the average number of naps taken was over three. This was 
slightly higher than Montgomery-Downs et al. (2010) findings of an average of 2.9 
naps at 2 weeks postpartum that reduced to 2.1 naps at 6 weeks postpartum. 
Similarly, Rychnovsky and Hunter (2009) identified that between postpartum weeks 
2 and 6 there was a decline in mothers’ sleep supplementation, that is, sleep 
experienced in addition to their main sleep periods (e.g., naps). Within the current 
study, mothers in the early postpartum weeks (i.e., first 6 weeks) napped more 
frequently than mothers in the later weeks (i.e., from postpartum week 18 onwards). 
Overall, the current study suggests there is a reduction mothers’ napping across the 
postpartum period. 
Two of the PIBBS subscales were also significantly correlated with sleepiness. 
Higher levels of active physical comforting of their infant were associated with 
higher sleepiness. However, this variable was also significantly correlated with 
maternal TST, night wakings and naps. Therefore it is possible that the relationship 
between this variable and sleepiness may be reduced if considered in conjunction 
with those other variables. Additionally, higher use of movement to settle their infant 
was weakly associated with higher sleepiness. This variable was not significantly 
associated with the other sleep variables. This was a novel finding. It is possible that 
high use of these two strategies were physically taxing on the mothers, which may 
have in turn impacted their sleepiness. However, this assertion should be further 
assessed in future research studies. 
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Psychological factors 
Mothers’ knowledge about postpartum sleep and sleepiness was not correlated 
with their sleepiness. The mothers appeared to have a high level of knowledge about 
their postpartum sleep and sleepiness, with an apparent ceiling effect occurring. 
However, it is also possible that the four items assessing this variable were not 
sensitive enough to ascertain varying knowledge levels within the sample. That is, 
the items assessed whether the mothers knew the changes would occur rather than a 
breadth of knowledge regarding typical postpartum sleep and sleepiness.  
Even though the mothers appeared to have good knowledge about the changes 
that commonly occur post-birth, they typically appraised their infant’s sleep at a 
moderately content level. Infant sleep appraisal related to the amount their infant 
slept, belief their infant was a “good sleeper”, and believing their infant’s sleep was 
normal for their age. There was a significant weak correlation found between infant 
sleep appraisal and sleepiness, with mothers who appraised their infant’s sleep in a 
more positive light typically reporting lower sleepiness. Thus, the findings within the 
current study lend support to the suggestions within Study 1 that postpartum sleep 
and sleepiness can be challenging to conceptualise prior to the actual experience. 
On average, feelings of anger or helplessness toward night-time infant crying 
were quite low within the sample, which was positive to identify. However, a 
significant weak correlation was found between the MCISQ anger subscale and 
sleepiness. That is, mothers who indicated feelings of anger and helplessness in 
response to their infant crying at night commonly reported higher sleepiness. This 
finding taken together with Study 1b finding that mothers report sleepiness impacting 
them emotionally, suggests that higher levels of sleepiness may make mothers more 
susceptible to experiencing feelings of anger and helplessness in response to their 
infant crying at night. As such, attempting to reduce sleepiness may have positive 
effects on mothers’ psychological well-being during the postpartum months. 
Social factors 
None of the social factors assessed within this study demonstrated significant 
associations with sleepiness. Even though these variables did not exhibit any direct 
associations with sleepiness, they provided valuable quantitative information in 
regard to social responsibilities held by postpartum mothers. Within the sample, on 
average only small percentages of responsibility for both infant care and general 
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household tasks lay with other family members, friends or paid help. The low level 
allocation of responsibility to others may be a lack of other family members or 
friends to allocate responsibility to, or a lack of financial resources to utilise paid 
help. An alternative reason may be a lack of desire to utilise these potential 
resources. As it has been suggested that greater provision of support for household 
tasks could ease the challenges within the early postpartum period (Razurel et al., 
2011), in the future it could be beneficial to explore this low uptake of help from 
others. 
Within the current study, the mothers took on a large proportion of the 
responsibility for infant care, and performed key infant care tasks most of the time. 
This is in line with Insana et al. (2014) finding that mothers were undertaking most 
of the night-time infant care, rather than fathers. Within the current study, mothers 
with infants over 24 weeks received significantly less help with night-time infant 
care than mothers with infants between 18 and 24 weeks. This was an interesting 
finding in light of the slight increase in average sleepiness for mothers with infants 
over 24 weeks postpartum. In addition, infants between 18 and 24 weeks 
demonstrated a similar number of night wakings as infants over 24 weeks. Overall, 
the similar number of night wakings combined with the reduction in night-time help, 
provide a potential explanation for the slight increase in sleepiness for mothers of 
older infants.   
7.4.2. Preventative behavioural skills 
Attempting to reduce the occurrence of high levels of sleepiness within the 
postpartum period was identified as a key strategy for avoiding sleepy driving. Thus, 
the findings summarised in this section contributed towards the following research 
question: 
RQ4: What strategies to avoid sleepy driving are most feasible for postpartum 
mothers? 
7.4.2.1. Strategies employed by mothers that may reduce sleepiness 
The mothers within this sample reported strategies that could maximise their 
sleep and sleep opportunity, which could in turn reduce their sleepiness or help them 
maintain low levels of sleepiness. In addition, the mothers reported strategies they 
employed to aid their infant’s sleep development. This was relevant in light of the 
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findings from the current study, as well as Study 1a, which indicated that mothers’ 
postpartum sleep is highly associated with their infant’s sleep.  
Maximising maternal sleep 
There were a number of strategies the mothers implemented to maximise their 
sleep. A quarter of the sample had tried to adhere to a set bedtime as well as get to 
bed early within the prior week, and a quarter had employed one of these behaviours. 
The mothers’ median sleep onset time was 9:30 pm, and 22.63% of the mothers 
reported typically going to bed at 11:00 pm or later. Mothers were typically going to 
sleep later than their infants. The median sleep wake time for the sample was 6:00 
am, but there was wide variation. Of note, mothers were typically waking at the same 
time as their infants, which is in line with their primary caregiving responsibilities. 
Thus, to employ the strategy of increasing TST, postpartum mothers could try to 
increase sleep opportunity by adjusting either sleep onset time or sleep wake time. 
However, when responsible for caring for an infant in the morning, the more feasible 
strategy appears to be adjusting sleep onset time (i.e., going to bed earlier). This 
strategy may be particularly beneficial in light of McBean and Montgomery-
Downs’s (2013) finding that women who sleep earlier in the night and at more 
consistent times from night to night demonstrate less neurobehavioural impairment. 
Arranging for another person to attend to the infant during night wakings was 
another strategy used by some mothers to maximise their sleep. Utilising this strategy 
may reduce time spent awake within the mothers’ sleep opportunity (e.g., sleeping 
for their entire sleep opportunity rather than having times of wakefulness when 
attending to their infant). However, this strategy is slightly more challenging to 
implement than trying to go to bed earlier. This strategy requires more advanced 
planning and requires another person to be available and willing to attend to the 
infant throughout the night. Thus, when the alternative person was a family member 
utilisation of this strategy would be impacted by roles within the family. 
Alternatively, employing someone to fulfil this role (e.g., nanny) would require 
sufficient financial resources. An additional consideration for mothers whose infants 
solely consume breast milk, is the adequate organisation to express sufficient milk 
for night-time feeds. Overall, this could be a highly beneficial strategy if the required 
planning and organisation can be implemented.  
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One mother reported using alcohol and seven mothers reported using 
paracetamol to aid their sleep in the prior week. The regularity of the use of these 
behaviours was not assessed, nor were the cognitions surrounding their 
implementation. No mothers indicated using over-the-counter sleeping pills or 
sedatives in the prior week; however, it is possible these behaviours were under-
reported. Overall, it was positive to find that a greater proportion of mothers were 
trying to implement desirable behaviours to maximise their sleep rather than using 
sleeping pills or sedatives.  
Assisting with infant sleep development 
Sleep onset time for the infants in the first 6 weeks of their life was 
significantly later than those infants 12 weeks or older. The younger infants were 
typically going to sleep after 9:00 pm in comparison to the older infants going to 
sleep around 7:30 pm. This difference in sleep onset time was likely due to the 
younger infants’ under-developed circadian rhythm, and the older infants’ 
demonstrating a more developed circadian rhythm. The day-night rhythms of activity 
and hormone secretion, which are associated with sleep-wake rhythm, appear to 
develop in infants between 1 and 3 months of age (Rivkees, 2007). A maternal 
behaviour that could assist with entraining an infant’s circadian is introducing a 
regular bedtime. This would provide exposure to light and dark environmental cues, 
as well as social cues. Within this sample, half of the mothers indicated that they 
aimed for a regular bedtime for their infants every night, and just over a third did 
most nights. Of note, 10.9% had no set bedtime for their infants. Thus, this strategy 
could be suggested to postpartum mothers, and may be particularly useful to those 
who never aim for a set bedtime for their infant. 
7.4.3. Strengths and limitations  
A strength of this study was the novel collection of quantitative data regarding 
psychological and social factors that may be linked to postpartum sleepiness. In 
addition, the findings from Study 1 were the basis of the investigation of these 
factors. However, as these factors have not been previously assessed via quantitative 
data collection methods, purpose-developed items were formulated. The use of these 
purpose-developed items was a limitation as these items were not previously 
validated. In particular, the items assessing social factors could have been improved. 
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Similar to Study 2a, the data within this study relied on self-report data. In 
particular, there were limitations in the assessment of the mothers’ and infants’ sleep, 
which required recollection of behaviour within the prior week and averages to be 
calculated. It is also possible that the mothers may have under-reported the use of 
strategies to aid their sleep if they deemed them to be socially unacceptable, such as 
using alcohol if they previously reported their infant was breastfed.  
7.4.4. Concluding comments 
In conclusion, Study 2b provided valuable data to inform the preventative 
information and behavioural skills constructs of the IMB model, specifically 
regarding postpartum sleep and sleepiness. Similar to Study 1a, it was identified that 
mothers were experiencing sleep fragmentation, which was associated with their 
infants’ night wakings. Also, higher sleepiness was associated with greater levels of 
sleep fragmentation as well as reduced sleep duration at night. Excessive daytime 
sleepiness was experienced by over half of the mothers early in the postpartum 
period, which elicits concern for driving during these early weeks. Sleepiness 
reportedly impacted the mothers cognitively, which includes concentration 
difficulties, a few days a week on average. This finding also elicits concern for 
performance on the driving task. Overall, findings from the current study provided 
support for some key findings from Study 1 regarding postpartum sleep and 
sleepiness, as assessed within a larger sample. This study concluded the elicitation 
research step within the IMB model. The following chapter describes the rationale 
for the development of a program designed to convey empirical-based and 
population-specific information regarding postpartum sleepiness and driving during 
the postpartum period. 
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Chapter 8: Study 3—Program Development 
8.1. Introduction 
The previous four chapters have presented the methodology and findings from 
Studies 1 and 2, which were conducted within the elicitation research step of the 
IMB model. The subsequent steps in the IMB model, intervention development and 
implementation, and evaluation research, were briefly undertaken within Study 3 of 
the present program of research. The current chapter details the development of the 
program as well as the evaluation assessment. Chapter 9 presents the details of the 
program implementation and brief evaluation research, with a pilot study.  
Previous findings within this program of research suggest that postpartum 
mothers may be unaware of the safety risks associated with sleepiness in the 
postpartum period. Many expectant mothers seek out information that could help 
them approach the new experience of parenthood, as well as strategies that may 
assist them to deal with these new experiences. Providing mothers with information 
about their potential postpartum sleep, sleepiness and driving risks may lead to the 
mothers implementing strategies that could assist them with avoiding sleepy driving. 
It is important that evidence-based information is disseminated on these topics.  
As identified within the literature review in Chapter 2, the majority of literature 
providing evidence-based information and education to mothers about postpartum 
sleep and sleepiness comes from psychoeducation programs. These programs are 
usually aimed at responding to a problem that is occurring, rather than prevention of 
the development of a problem. Many of these programs focus on gaining knowledge 
about infant and postpartum sleep, although much of this knowledge can be gained 
prior to the infant arriving. Thus, the aim of the present study was to inform mothers 
during pregnancy about the postpartum period, as pregnant mothers may be more 
receptive to receiving this information than mothers within the early postpartum 
weeks.  
8.1.1. IMB model focus 
This study addressed the intervention development and implementation and 
evaluation research steps of the IMB model approach. The first objective of this 
study was to develop a program (intervention development) to impart empirical-
based preventative information regarding postpartum sleep, sleepiness and driving. 
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In addition, it aimed to invoke preventative motivation and convey effective 
preventative behavioural skills, however these were not a focus of the current study. 
The implementation component involved piloting the program with a sample of 
expectant mothers. The objective within the evaluation research step was to assess 
knowledge (preventative information), intention towards avoid sleepy driving 
(preventative motivation), and self-efficacy with sleepy driving avoidance strategies 
(preventative behavioural skills). 
8.2. Program delivery 
The focus of the present program of research was to identify information to be 
conveyed to perinatal mothers to help them enact the health behaviour of avoiding 
sleepy driving, and this program content is presented in Section 8.3. Section 8.2.1. 
provides an explanation of the modality chosen for delivery of the program. Section 
8.2.2. provides a description of the overall approach employed to encourage the 
expectant mothers to attend to the information within the program. It should be 
noted; however, that the program delivery was not a focus of the present research. 
8.2.1. Delivery modality  
In recent years health information has become more readily available than ever 
before. Technological advancements have made the traditional methods of brochures 
and flyers cheaper and easier to disseminate to health information consumers. The 
internet, widespread ownership and use of computers, and more recently 
smartphones have made information accessible to many at the click of a button. The 
Australian Bureau of Statistics (2014) identified that the number of Australian 
households with internet access reached 7.3 million in 2013, and of those households 
81% accessed the internet every day. 
Midwives, who are common care providers during pregnancy, have reported 
the perception of an increase in pregnant women using the internet to obtain health 
information (Lagan, Sinclair, & Kernohan, 2011). Recently, Lewallen and Cote-
Arsenault (2014) conducted a pilot study with a sample of women who were either 
trying to get pregnant, were pregnant or during the postpartum period, to identify if 
and for what purpose these women used the internet to obtain information. Ninety-
seven percent of the participants used the internet to seek out pregnancy, parenting or 
childcare related information. This information was most commonly used to guide 
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decisions regarding health promotion behaviours. In addition, Grimes, Forster, and 
Newton (2014) collected data from postpartum mothers between November 2010 
and January 2011, and identified that 21.3% of their sample reported using the 
internet most frequently to obtain health information. This was the second most 
frequently cited source following books (27%). Thus, child-bearing women appear to 
be using the internet to obtain health information, and this may continue to increase 
with greater accessibility to technology and the internet. 
In light of this, the information program within this program of research was 
designed for computer-based completion during this pilot implementation. A key 
factor for this decision was the desire to make information easily accessible to the 
population of focus. This modality allows for easy distribution, including via social 
sharing, and can convey more information than paper-based brochures. This 
modality may also be a more appealing and interesting way to obtain health 
information than traditional methods. The program was developed in modules and 
designed to be completed in sequential order. The module format allowed users to 
choose whether to complete the program in one sitting or separate sittings, based on 
their preference. The computer-based modality and module format allows for 
potential evolution of the information program. In the future the individual modules 
could be modified and information added, and each module could have the potential 
to work as a stand-alone information package.  
8.2.2. Delivery approach 
Langer (1978) suggests that the level of attention given to a health message 
falls along a continuum. That is, passive consumers of the information exert a low 
level of attention, and active consumers exert a high level of attention. The more 
actively a person processes the information being conveyed, the more likely they are 
to attempt to understand, conceptualise and integrate the key information. Therefore, 
when developing health messages it is beneficial to encourage and incorporate active 
processing of the information. Louis and Sutton (1991) model of switching cognitive 
gears suggests that the following three situations encourage consumers to become 
more actively engaged in the message being conveyed: (situation 1) presentation of 
content in a novel, unusual or atypical way; (situation 2) presenting content in an 
unexpected manner; and (situation 3) internal or external appeals resulting in 
purposeful conscious attention paid to the message. 
234 Chapter 8: Study 3—Program Development 
Maibach and Parrott (1995) demonstrated how Louis and Sutton’s model could 
be effectively applied to health messages. For situation 1, suggestions include using 
positive affect appeals, asserting simple intention rather than instruction, using a 
conversational tone, and eliciting a feeling of connectedness with those sharing the 
message. For situation 2, Parrott suggests finding ways that challenge expectations of 
how the health information is commonly conveyed. For situation 3, he suggests 
including explicit statements asking the consumers to attend to the material, or subtle 
requests that could refer to the consumer’s own behaviour rather than general 
behaviour. Within the information program the strategies utilised for situation 1 were 
using a conversational tone and eliciting a feeling of connection with other perinatal 
mothers. The delivery modality, which was a computer-based program with some 
interactivity that could be completed in the comfort of their own home, was the 
strategy used to address situation 2. To address situation 3, explicit statements to 
attend to key pieces of information were included within the program, and reference 
was consistently made to each mother’s own behaviour rather than general people’s 
behaviour.  
8.3. Content 
This section describes the development of the content included in the 
information program. The key information within the program was presented in 
Modules 2 and 5 (described in Sections 8.3.2 and 8.3.5 respectively), and the other 
modules provided supplementary information. Figure 8.1 provides a schematic of the 
modules within the Information Program. 
 
Figure 8.1. Overview of the Information Program modules 
 
 
One: 
Introduction 
 
 
Two: 
Sleep in the 
postpartum 
period 
Three: 
Psychological 
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Four: 
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8.3.1. Module One: Introduction 
This module began by presenting the philosophy and plan of the information 
program in an open and transparent manner. The plan and philosophy highlighted 
that the information was evidence-based, non-judgemental and aimed at reducing the 
chances of driving when sleepy during the postpartum period. The plan allowed the 
mothers to foresee what information would be provided, and at what points during 
the program. The expectant mothers were also provided with the approximate timing 
of each module, thus allowing them to organise completion of the program into their 
potentially busy lives.  
This program was targeted at first time mothers, for whom the postpartum 
period would likely be filled with novel experiences and feelings. Taken together 
with the often negative impacts of sleepiness (Armstrong et al., 2014; Insana et al., 
2011; Livingstone et al., 2009), it was viewed as important to normalise these 
feelings and experiences. The physical, psychological, emotional and social impacts 
identified within Studies 1 and 2 were presented. These impacts were conveyed via 
text as well as quotes obtained in Study 1b from the mothers discussing their 
postpartum experience. The quotes were used to help create the sense of a social 
connection between the expectant mother (consumer of the information) and 
postpartum mother (provider of the information). This material was presented to 
normalise the negative impacts of sleepiness, whilst introducing the idea that high 
levels of sleepiness could have serious consequences for everyday functioning that 
they should be aware of.  
8.3.2. Module Two: Sleep in the postpartum period 
8.3.2.1. Preventative information 
Within the elicitation research conducted in Studies 1 and 2, significant 
associations were identified between maternal sleep variables and sleepiness. This is 
in line with previous studies that have also found significant associations between 
postpartum sleep and sleepiness (Insana et al., 2011; Rychnovsky & Hunter, 2009). 
Within Study 2b it was identified that postpartum mothers were quite well informed 
about what their postpartum sleep and sleepiness experience would be like, but may 
have lacked an accurate conceptualisation of the experience. Therefore this module 
employed a systematic approach leading to describing typical postpartum sleep. This 
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module presented information regarding general sleep, followed by infant sleep, and 
then maternal postpartum sleep.  
Programs educating parents about postpartum sleep or infant sleep commonly 
begin with the provision of general sleep information (e.g., Gruber, Cassoff, & 
Knäuper, 2011; Kempler et al., 2012). Thus, the first step within this module was to 
provide general information about sleep. The basic biological processes of sleep, as 
well as the key environmental and psychological factors that can impact sleep were 
identified within evidence-based literature for inclusion in the program (e.g., Lee & 
Gay, 2011).  
The second step within this module was to explain infant sleep using evidence-
based material (e.g., Davis et al., 2004). Kempler et al. (2012) used a similar 
approach in their psychoeducation program aimed at improving maternal postpartum 
sleep that included information to educate mothers about infant sleep. Including 
information on infant sleep was deemed important due to the strong association 
between the night awakenings of infants and their mothers, as identified in both 
Study 1a and 2b. Even though the results of Study 2b indicated a high level of 
knowledge of infant night wakings, the mothers indicated a lower level of 
contentment with their infant’s sleep. This suggests that mothers may know that 
some babies wake regularly during night time hours, however not have accurate 
expectations of their own baby’s sleep. Thus, this information provided accurate 
information regarding infant sleep, with the hope to elicit more accurate 
expectations.  
The third step within this module was to explain common postpartum sleep 
using evidenced-based information (e.g., Gay et al., 2004; Montgomery-Downs et 
al., 2010) and as identified in Studies 1a and 2b. Specifically, the mothers were 
presented with a diagram with three sleep periods across the night. The common 
structure of postpartum sleep was then explicitly tied back to the common structure 
of infant sleep. That is, it was explained that the number of sleep bouts mothers 
experience are highly associated with their infant’s sleep bouts (Sinai & Tikotzky, 
2012). The culmination of the information in this module occurred when the 
difference between ideal adult sleep and common postpartum sleep was shown. This 
was stated in text, as well as this juxtaposition provided in an animated diagram. 
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8.3.2.2. Preventative behavioural skills 
Following the information regarding general sleep processes, the mothers were 
given tips for getting a good night’s sleep. These were common tips advocated by 
sleep health professionals to facilitate healthy sleep (Gruber et al., 2011). Following 
the information regarding infant sleep, the mothers were provided with strategies that 
may assist with helping their infants entrain their circadian rhythm and develop a 
more consistent sleep-wake pattern. For example, using light cues such as a bright 
environment in the morning and a dark environment at night. These were provided as 
a reduction in infant night wakings would likely to translate into more consolidated 
sleep for mothers, as suggested by the significant association found between infant 
and maternal night wakings in Studies 1a and 2b. Following the information 
regarding postpartum sleep, the mothers were provided with strategies that could 
help them maximise their sleep quantity. These were provided as it was identified in 
Studies 1a and 2b that some postpartum mothers may experience chronic sleep 
restriction and benefit from attempting to maximise their sleep quantity. One strategy 
suggested was “going to bed early”, as it was identified in Study 2b that this may be 
a feasible strategy for maximising maternal TST. 
8.3.3. Module Three: Psychological aspects of the postpartum period 
8.3.3.1. Preventative information 
Within Study 1b it was suggested that infant sleep appraisal may contribute to 
postpartum sleepiness. In addition, in Study 2b a significant association was found 
between infant sleep appraisal and sleepiness; with mothers who appraised their 
infant’s sleep more favourably typically reporting lower levels of sleepiness. Thus, 
material regarding thoughts about infant sleep was included in this module. Two 
examples of “sleeping through the night” were provided: (1) continuously sleeping 
for eight hours at night, and (2) sleeping between 10 pm and 6 am without waking 
(Henderson et al., 2010). It was then highlighted that an infant’s sleep needs to 
develop before these criteria can be met, and suggesting appraisal of an infant’s sleep 
should consider developmental capability. Information regarding expectations for 
maternal postpartum sleep was then provided, which reminded the expectant mothers 
that those taking on the primary carer role are likely to experience fragmented sleep 
in the early postpartum period. Thus, this linked key information within this module 
with information from Module 2. 
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 This module also contained information regarding stress and anxiety. This was 
not key information within this program of research, however as this module focused 
on psychological aspects of the postpartum period, it would have been remiss to not 
acknowledge these. The postpartum period can be an extremely exciting and 
enjoyable time, yet is often also characterised as quite a stressful and anxiety-
provoking time (Miller, Pallant, & Negri, 2006), especially for those entering this 
period for the first time. Additionally, stress and anxiety can negatively impact sleep 
(Åkerstedt, 2006), which is likely to be less than ideal during the postpartum period. 
Therefore, the possibility of experiencing stress and anxiety in the postpartum period 
was acknowledged, and tips related to anxiety, stress and sleep were provided at the 
end of this module. 
8.3.4. Module Four: Social aspects of the postpartum period 
8.3.4.1. Preventative information 
Study 2b found that mothers undertake between half and all of the 
responsibility for caring for their infant, which informed the development of this 
module. The infant care responsibilities information began by highlighting the highly 
dependent nature of infants even throughout the night, as well as reiterating that 
maternal sleep is the strongest contributing factor toward postpartum sleepiness. This 
was then followed with descriptions of three night-time care options (mum’s sole 
responsibility; shared responsibility; and not mum’s responsibility), as infant night 
time care may have the largest potential impact on mothers’ sleep (Insana & 
Montgomery-Downs, 2013). These options are highly influenced by the feeding 
method/s chosen for the infant (i.e. solely breastfed, breastfed and bottle fed, or 
solely bottle fed), which was acknowledged.  All three descriptions were provided 
due to the personal nature of these decisions and individual nature of each 
postpartum mother’s social environment. The infant care responsibilities information 
finished by explicitly stating the key idea that sharing infant care tasks with others 
may afford the mothers greater opportunities to rest, and in turn potentially reduces 
sleepiness. 
In Study 1b, mothers reported that their household responsibilities prevented 
them from resting and recovering even though they were feeling sleepy. In Study 2b, 
the mothers were provided with a list of common household tasks and most mothers 
indicated they performed these tasks most of the time. Thus, the household 
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responsibilities subsection briefly suggested that utilising other people to complete 
household tasks may provide opportunities to rest at times when sleepiness is high.  
8.3.5. Module Five: Driving and sleepiness in the postpartum period 
8.3.5.1. Preventative information and behavioural skills 
The module on driving and sleepiness in the postpartum period included 
information regarding sleepy driving risks, followed by sleepy driving signs, and 
then sleepy driving avoidance strategies. The information in this module was 
purposefully presented in this order. Sleepy driving risks were presented prior to the 
signs because consumers of this information are more likely to attend to the signs if 
they believe the risks are important or significant. The signs were presented before 
the avoidance strategies, as an awareness of the signs is required in order to employ 
the strategies.  
Within the elicitation research conducted in Studies 1 and 2, it was identified 
that mothers within the postpartum period appeared to lack awareness of the crash 
risk associated with sleepy driving. Thus, to begin the sleepy driving risks 
information, pertinent Australian road statistics were presented with the aim of 
creating awareness of sleepy driving being a significant safety concern. This 
included the key point that sleepy driving incidents can occur in urban areas 
(Armstrong et al., 2008). The regular variations in daily alertness levels was 
presented next, which was a recap of material presented in Module 2. The key 
information presented here that was directly informed by the elicitation research 
conducted within the present program of research was: (1) late night driving is 
commonly associated with higher sleepiness; (2) high sleepiness is common within 
the early postpartum period and potentially increased likelihood of sleepy driving; 
and (3) postpartum mothers may perceive the need to undertake certain journeys; 
however, this should be challenged due to the crash risk associated with sleepy 
driving. 
To provide a tangible example regarding the potential level of driving 
impairment associated with sleepy driving, a comparison was made with blood 
alcohol concentration (BAC), as identified within evidence-based material. 
Specifically, the mothers were advised that after 17 hours of wakefulness 
performance is as impaired as with a BAC of 0.05%, and after 24 hours of 
wakefulness performance impairment is similar to having a BAC of 0.10% (Dawson 
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& Reid, 1997). The sleepy driving risks subsection finished by explicitly conveying 
some common errors made by sleepy drivers as well as provision of explanations as 
to how these errors increase safety risk.  
As nodding off whilst driving was reported by one of the mothers in Study 1b 
as well as by seven mothers in Study 2a, with four of these mothers reporting more 
than one occurrence, there appears to be a need to increase awareness of the signs 
that precede nodding off. This need was addressed through the sleepy driving signs 
information. This information began by informing mothers that the best way they 
could avoid sleepy driving was to consider their sleepiness before getting in the car 
and stop themselves from driving when sleepy. The behavioural signs of sleepy 
driving were then presented, starting with the least serious, to the most definitive 
signs of sleepy driving, such as nodding off. To reduce the cognitive load of taking in 
these signs, the list was divided into three groups and presented over three slides. 
Understanding and being able to identify these signs was a key goal of the program, 
thus the mothers were given explicit instruction to re-read the signs if they felt they 
went through them too quickly. Following the list of behavioural signs of sleepy 
driving, information was presented about concentrating difficulty as a sign of sleepy 
driving, which is a cognitive sign. This was highlighted in light of the results in 
Studies 1 and 2 identifying concentration difficulties being commonly reported in 
postpartum period, and quotes from mothers in Study 1b were utilised to convey this 
information.  
The last portion of this module was devoted to effective countermeasures and 
strategies for avoiding sleepy driving. This information fits within preventative 
information as well as behavioural skills constructs of the IMB model. This 
information was presented with the heading “Tips to avoid sleepy driving”, and 
included descriptions of avoidance strategies as well as in-car countermeasures. The 
most effective avoidance strategy was presented first. The first four strategies were 
focused on preventing mothers from getting in the car to drive when sleepy or most 
likely to be sleepy. The following three suggestions related to strategies that could be 
implemented when high sleepiness is identified whilst driving. The last two slides 
mentioned in-car countermeasures and provided an explanation about why these 
would not be the most effective methods.  
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8.3.6. Module Six: Planning for the postpartum period 
8.3.6.1. Preventative behavioural skills 
The majority of information presented within this module was recapping 
information provided within earlier modules of the information program. The first 
portion of this module presented strategies targeting sleepiness reduction (i.e., sleep 
strategies, psychological strategies, and social strategies). The sleep strategies 
(previously described in Section 8.3.2.2) were the key focus and included 
maximising mothers’ sleep and assisting infants’ sleep development.  The remainder 
of the module focused on avoiding sleepy driving. The driving strategies included 
considering sleepiness prior to getting in the car, planning for back-up drivers, and 
identifying sleepiness signs whilst in the car.  
8.4. Program review process 
Two reviewers were chosen to appraise the information program. One reviewer 
was chosen based on her knowledge of sleepy driving and safety research, as well as 
her knowledge of general sleep processes. The other reviewer was chosen for her 
knowledge of education and safety research and education program development. 
Both reviewers have a PhD in their discipline area, are aware of the current research 
in their disciplines, and are widely published in their specialty areas. Both reviewers 
were female and of child-bearing age. The reviewers were provided with the 
information program on a USB flash drive, assessment documents, and printouts of 
the program slides. The reviewers were asked to complete each module as if they 
were a participant, and then perform their appraisal.  
The reviewers were provided with an assessment document for each module. 
The documents specified the key information to be conveyed in each module and 
required the reviewer to indicate how effectively the information was conveyed. A 7-
point scale ranging from “information conveyed unclearly, confusing, too 
complicated, and lacks cohesiveness” to “information conveyed clearly, pitched at an 
appropriate level, flowed well and seemed cohesive” was used, as well as a comment 
box beside each rating scale. The reviewers were also asked to note down the 
completion time of each module. 
The reviewers were asked to comment on the language used to ensure it 
appeared appropriate, and employed a non-confronting, inclusive style. The 
reviewers were asked to note any spelling or grammar issues, and comment on any 
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issues with images chosen, as well as text quantity, readability, colour, size and 
animation. They were also asked to comment on the general use-ability of the 
program, such as the use of the buttons, navigation clarity and if there was any 
general use-ability confusion.  
The reviewers also performed a “distress-provoking” check. Three brochures 
of information commonly provided to expectant mothers were chosen as comparison 
documents. The documents were chosen as they were designed to be read during 
pregnancy, they included information about sleep and/or safety issues, are easily 
obtained from the internet, and invoke decision-making and planning cognitions. The 
chosen brochures were of varying lengths and in turn varied in the quantity of 
information conveyed, which is quite representative of the myriad of information 
provided to expectant mothers. The information brochures chosen were (1) 
“Pregnancy and Sleep” by the Sleep Health Foundation, (2) “Choosing how to birth 
your baby” by the Queensland Centre for Mothers and Babies, and (3) “Safe 
sleeping” by SIDS and Kids (excerpts provided in Appendix H). After completing 
the information program, the reviewers were instructed to read the brochures and 
judge whether any information in the program was more “distress-provoking”. The 
reviewers were instructed to highlight any relevant information in the slide printouts 
provided.  
8.4.1. Notable amendments following review 
Only two modules required amendments that involved the order of presentation 
of material or the structure of visual material. The amendments are described below.  
8.4.1.1. Module Four: Social aspects of the postpartum period 
The three night-time care options provided, “mum’s sole responsibility”, 
“shared responsibility”, and “not mum’s responsibility”, were originally described in 
text only. In the reviews it was questioned whether the impact of these night-time 
care options was conveyed. Therefore, additional diagrams were used to demonstrate 
the points made in text. The same diagram that was used in Module 1 to visually 
show example infant sleep and example mothers’ postpartum sleep was utilised. This 
resulted in no new information needing to be absorbed, and presenting the diagram 
again reinforced the message. This diagram was used to demonstrate the three 
options, with the mother’s sleep appropriately adjusted in line with each option. The 
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use of the same diagram allowed the mothers to easily see how their sleep might 
change with utilisation of the different options. 
8.4.1.2. Module Five: Driving and sleepiness in the postpartum period 
The reviews suggested that it would be beneficial to start the module by 
providing context for why sleepy driving would be an important issue within the 
postpartum period. Thus, an explanation as to why it is important to think about 
driving during the postpartum period was added to the start of the module. This was 
done by providing findings from previous research, as well as quotes from mothers 
voicing their safety concerns of driving in the postpartum period. In addition, the 
idea of considering sleepiness prior to getting in the car was also incorporated with 
this new material, including an accompanying quote from a mother.  
Initially the sleepy driving signs were listed under the heading “Sleepy driving 
warning signs”, from most significant (i.e., nodding off) to least significant. 
Following the reviewers’ suggestions, changes were made to how these sleepy 
driving signs were presented. The presentation of these signs remained across three 
slides, but to provide differentiation between the three groups of signs, changes were 
made. The wording of the sentences appearing before each list of signs was amended 
to make the distinction clearer. The colours of the bullet-points were altered, with 
yellow signs marking signs that someone may be sleepy driving, orange signs 
marking that someone is very likely to be sleepy driving, and red signs indicating 
sleepy driving is occurring. 
8.5. Knowledge assessment and evaluation development 
A knowledge assessment was developed for administration both before and 
after completion of the information program. One section included information about 
sleepy driving and the other section included information about postpartum sleep and 
sleepiness. The assessment employed a multiple choice response format, with four or 
five response options provided, and only one correct answer per item. Two key steps 
were undertaken during the development of the assessment items. First, the most 
important points to be conveyed within the program were extrapolated. Second, 
viable yet inaccurate alternative responses were developed. 
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8.5.1. Sleepy driving assessment 
Three key knowledge areas were assessed; they were sleepy driving risks, signs 
and avoidance strategies. Half of the items were devoted to sleepy driving risks as 
they form the basis of preventative information, as well as contribute toward the 
elicitation of preventative motivation. Two items assessed the mothers’ 
understanding of the most concerning sleepy driving signs. Three items assessed the 
mothers’ understanding of which avoidance strategies or countermeasures were most 
effective. Details of assessment items are provided in Table 8.1. 
 
Table 8.1  
Sleepy driving assessment knowledge points measured 
Assessment Area Item  Specific knowledge assessed 
Sleepy driving risks 1 A person who has been awake for the prior 24 
hours is more at risk of having a driving 
incident than a person with a BAC of 0.03%. 
 2 People are usually most alert when driving in 
the morning rather than other times of day. 
 3 A person who has experienced inadequate 
sleep, and making numerous trips is at higher 
risk of a driving incident than those who have 
had adequate sleep. 
 4 A person is likely to be least alert when 
driving late at night and in the early hours of 
the morning. 
 5 When sleepy, taking a nap reduces the risk of 
a driving incident. 
Sleepy driving signs 6 Two key signs of sleepy driving are yawning 
and difficulty keeping eyes open. 
 7 The biggest sign of sleepy driving is nodding 
off. 
Sleepy driving 
avoidance strategies 
8 The most effective strategy to avoid sleepy 
driving is not driving. 
 9 To avoid sleepy driving, it is most effective to 
refrain from driving late at night. 
 10 It can be very effective to stop and 
consciously consider sleepiness levels and 
postpone driving when sleepy. 
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8.5.1. Postpartum sleep and sleepiness assessment 
Four key knowledge areas were assessed; they were postpartum sleepiness, 
general sleep, infant sleep, and postpartum sleep. Responses to this assessment 
addressed the preventative information construct within the IMB model as it provides 
an indication of the mothers’ level of accurate knowledge. Two items assessed 
understanding of the factors that may contribute towards postpartum sleepiness, 
specifically understanding of the most influential factor as well as the range of 
factors. Assessment of general sleep processes was undertaken as this knowledge is 
vital in order to understand why people feel sleepy. As infant sleep often has a direct 
impact on mothers’ postpartum sleep, knowledge of infant sleep development was 
assessed. Lastly, knowledge of postpartum sleep was assessed to ascertain whether 
the mothers understood that it is often fragmented due to night-time caregiving. 
Details of the assessment items are provided in Table 8.2. 
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Table 8.2  
Sleep and Sleepiness Assessment Items Knowledge Points Measured 
Assessment Area Item No. Specific Knowledge 
Mothers’ postpartum 
sleepiness 
1 A mother’s postpartum sleepiness is 
influenced by her sleep, thoughts and social 
environment. 
 2 A mother’s postpartum sleepiness is most 
impacted by her night-time sleep. 
General Sleep  3 The biggest impacts of how well a person 
sleeps are time of day and how long a person 
has been awake. 
 4 The ideal night-time sleep for adults consists 
of one sleep period with no interruptions. 
 5 Ensuring a person has an adequate amount of 
time spent asleep is most important to ensure 
a person’s sleep is most restorative, as 
compared to when sleep occurs or having a 
nap or where a person a sleeps. 
Infant Sleep 6 Knowledge that newborns commonly wake 
every 2 to 4 hours in the first weeks of life. 
 7 Knowledge that newborns need to wake 
throughout the night because they need to 
feed regularly and because their sleep cycles 
are not developed. 
 8 Babies’ abilities to sleep will improve but 
may also have setbacks. 
Mothers’ Postpartum 
Sleep 
9 Most mothers’ postpartum sleep is most 
impacted by their baby’s sleep. 
 10 The biggest change with mothers’ postpartum 
sleep compared to their prior sleep is that they 
need to get up more often throughout the 
night. 
8.5.2. Program evaluation 
The items within this program evaluation were divided into three sections; the 
sections were sleepy driving, postpartum sleep and sleepiness, and overall program 
delivery. For the first two sections, the same items were used but with the appropriate 
terms included (e.g., I believe that this program would help me avoid sleepy driving / 
manage my sleepiness in the months following the birth of my baby). The overall 
program delivery items were to assess mothers’ views on timing of the program and 
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individual modules, the ease of understanding the content, and ease of completing 
the program. All items within the program evaluation were purpose-developed for 
this study. The program evaluation items are provided in Appendix G.  
To ascertain whether the mothers perceived an improvement in their 
knowledge, items were developed that asked the mothers to rate their level of 
knowledge before completing the program as well as after completing the program. 
These ratings were required for both sleepy driving and postpartum sleep and 
sleepiness.  
There were four items within both the sleepy driving and postpartum sleep and 
sleepiness items, which assessed the perception of usefulness of the information 
within the program. The items asked for an agreement rating regarding the 
information increasing understanding, increasing knowledge, helping with avoiding 
sleepy driving / managing sleepiness, and helping others avoiding sleepy driving / 
managing sleepiness. 
There were seven items developed to identify which information within the 
program was perceived to be most helpful or could be improved upon. Within the 
sleepy driving items, there were three items requiring the mothers to rate how 
informative each assessment area was (i.e., sleepy driving risks, signs, and avoidance 
strategies). Similarly within the postpartum sleep and sleepiness items, there were 
four items (relating to the assessment areas) requiring a rating of how informative the 
material was.  
The secondary focus of the program evaluation was to obtain data to contribute 
to the preventative motivation and behavioural skills constructs within the IMB 
model. Two items were developed to explicitly ask the mothers to indicate whether 
they intend to implement strategies to (1) avoid sleepy driving, and (2) attempt to 
avoid or reduce postpartum sleepiness, which would inform the preventative 
motivation construct. These items were immediately followed by key strategies that 
were presented within the program, and the mothers were asked to indicate their 
confidence with implementing them. In order to capture data regarding the strategies 
the mothers were not intending to implement, advice to leave an item blank if not 
intending to implement a strategy was provided. These items assessing confidence 
were used to assess self-efficacy with employing preventative behavioural skills.  
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8.6. Chapter summary 
This chapter described the processes undertaken during development of the 
information program, and thus addressed the intervention development step of the 
IMB model approach. There were two key modules within the program; they were 
sleep in the postpartum period and sleepiness and driving in the postpartum period. 
Development of the content was informed by the findings from Studies 1 and 2, in 
addition to information obtained from empirical-based sources, e.g., peer-reviewed 
published studies. The order of the modules was specifically chosen to ensure the 
mothers were provided with the foundational knowledge to understand why 
postpartum sleep is often fragmented, and in turn why sleepiness is often high in the 
postpartum period. The information regarding driving during the postpartum period 
was presented after the mothers were provided the foundational information 
regarding postpartum sleepiness. To address the apparent lack of awareness 
regarding the safety risk associated with sleepy driving, the safety risks were 
presented prior to suggesting sleepy driving avoidance strategies. The information 
program purposely finished with the presentation of strategies, as these were the key 
behavioural skills that would assist mothers with undertaking the health behaviour of 
focus within this program of research, avoiding sleepy driving. The following chapter 
will present the implementation and evaluation data from this study with a pilot 
sample. 
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Chapter 9: Study 3—Program Implementation and Evaluation 
9.1. Introduction 
Chapter 8 described the development of the information program and 
evaluation assessment, which were utilised within Study 3. The current chapter 
describes the implementation and evaluation of the program with a pilot sample. 
9.1.1. Preventative information 
9.1.1.1. Sleepy driving 
The findings from the previous two studies within the present program of 
research provided valuable new insights regarding sleepy driving during the 
postpartum period. First, it was identified that early within the postpartum period 
(first six weeks), a high proportion of driving journeys were undertaken with high 
sleepiness. Second, even though there were low numbers of driving journeys during 
late night and early morning hours, the journeys during those hours were often with 
high sleepiness. Third, some postpartum mothers reported nodding off whilst at the 
wheel. In addition, during the interviews the mothers made admissions of sleepy 
driving, identified signs of sleepiness whilst driving, and identified driving errors and 
mistakes that they attributed to their sleepiness. In light of the findings from the 
elicitation research, the information within the program focused on sleepy driving 
risks, signs and avoidance strategies (as described in Section 8.3.5).  
9.1.1.2. Postpartum sleepiness 
The findings from the elicitation research within the present program of 
research provided valuable insights regarding the experience of postpartum 
sleepiness, including the somewhat novel information regarding the real-world 
impact. First, even though there was wide variability in sleepiness between mothers, 
sleepiness appeared to reduce over the initial postpartum months but exhibited a 
slight increase around 18 weeks postpartum. That is, for many mothers sleepiness 
improved; however, the improvement did not appear to follow a linear trajectory. 
Second, mothers reported sleepiness impacting them mentally, physically, and 
emotionally more frequently than socially. Third, the key factors associated with 
sleepiness were maternal sleep fragmentation and TST, as well as appraisal of 
infants’ sleep. Maternal sleep fragmentation was directly related to infant sleep 
fragmentation. 
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In light of the previous studies, the information provided within the program 
focused on explaining sleep, including general sleep processes, infant sleep, and 
postpartum sleep (as explained in Section 8.3.2). Supplementary information 
regarding psychological and social aspects of the postpartum period were also 
covered within the program (described in Sections 8.3.3 and 8.3.4 respectively). This 
range of information was presented because postpartum sleepiness appears to be 
affected by biological as well as psychological and social factors; however, because 
sleep (TST and sleep fragmentation) appears to have the strongest link, it was the 
main focus. Explanation of general sleep processes was provided to help the mothers 
understand how sleepiness eventuates, as is commonly included in sleepiness 
education programs (Kempler et al., 2012). As infant sleep demonstrates a strong 
association with mothers’ postpartum sleep (Sinai & Tikotzky, 2012), infant sleep 
development was explained prior to providing examples of common postpartum 
sleep patterns.  
9.1.2. Preventative motivation and behavioural skills 
The Planning for the Postpartum Period module (as described in Section 8.3.6) 
provided strategies that the mothers could implement to help avoid sleepy driving, 
including strategies to potentially reduce sleepiness. The driving strategies included 
considering sleepiness prior to getting in the car, planning for back-up drivers, and 
identifying sleepiness signs whilst in the car. The sleep strategies included 
maximising mothers’ sleep and assisting infants’ sleep development. The 
preventative information incorporated into the program, in conjunction with the 
strategies suggested, were designed to elicit intention to use the strategies and in turn 
engagement in preventative behavioural skills. The provision of these clear and 
simple strategy suggestions was designed to encourage self-efficacy with performing 
the preventative behavioural skills.  
9.1.3. IMB model focus 
This study addressed the intervention implementation and evaluation 
research steps of the IMB model approach. That is, the study objectives were to 
impart empirical-based preventative information to the participants (implementation) 
and assess whether program completion improved knowledge (evaluation). It also 
assessed intention to undertake preventative behaviour within preventative 
motivation, and self-efficacy with performing preventative behavioural skills. 
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9.1.4. Research questions  
9.1.4.1. Preventative information 
The primary objective of implementing the information program was to 
effectively convey information to the mothers about postpartum sleepiness and 
sleepy driving. To identify whether this goal was met, the following research 
question was posed: 
RQ5: Does mothers’ knowledge improve from before to after program 
completion? 
9.1.4.2. Preventative motivation and behavioural skills 
The secondary objective of this research study was to assess whether mothers 
intended to implement strategies to avoid sleepy driving, as well as their self-efficacy 
with performing the strategies. Thus, two research questions were addressed: 
RQ6: Do mothers intend to implement strategies to avoid sleepy driving 
following completion of the information program? 
RQ7: How confident were the mothers in their ability to implement strategies 
to avoid sleepy driving following completion of the information program? 
9.2. Method 
9.2.1. Participants 
Sixteen first-time expectant mothers completed the study in full. The mean age 
was 30.94 years (SD = 2.43 years; Range = 27 to 35 years). The participants’ 
gestation ranged from 20 to 40 weeks. All participants were in relationships; 75% 
were married and the remaining 25% reported having a partner. Fourteen of the 
mothers (87.5%) had an Australian cultural background, one mother reported that she 
identified with Australian and Vietnamese cultures, and one mother had a Korean 
cultural background. The sample was quite highly educated with seven participants 
(43.8%) indicating they had a degree, seven participants (43.8%) had obtained a 
Masters degree or PhD, and the remaining two mothers had obtained Diplomas. 
Fifteen participants (93.8%) were working full-time, whereas one participant stated 
her primary role was as a student. Nine of the mothers (56.3%) planned to take a 
combination of paid and unpaid maternity leave, five mothers (31.3%) planned to 
only take paid maternity leave, and two mothers (12.5%) were planning to take 
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unpaid leave. Half of the mothers planned to take 12 months maternity leave, which 
was the longest period of time planned. The duration of maternity leave planned 
ranged from 4 months to 12 months.  
9.2.1.1. Inclusion criteria 
The following criteria were applied to ensure the information conveyed to 
participants was appropriate and beneficial, as well as enhance the likelihood of 
recruiting participants interested in participating and in turn having a high retention 
rate.  
First pregnancy 
The target audience for this program was first-time mothers, as it was 
identified that women entering into this stage of their lives for the first time would 
find this information most valuable. 
Pregnant with a single child 
The information and strategies provided to the participants in the program was 
viewed as inadequate for those parents who were expecting the birth of multiple 
children, and only appropriate and potentially feasible for those having a single child.  
Twenty or more weeks pregnant 
As the program potentially contained a large amount of new information for 
the participants about the postpartum period, it was viewed as most appropriate to 
recruit participants in the latter stages of their pregnancy in order for information 
retention to be increased.  
Held a current driver’s licence and drive greater than one hour per week 
Determining a minimum road exposure was important due to the process of 
developing sleepy driving countermeasures. 
Proficient computer literacy skills and access to a computer 
These skills were required in order to successfully complete the information 
program.  
9.2.2. Materials 
The key materials used within the current study were a knowledge assessment, 
the information program, and an evaluation assessment. The knowledge assessments 
were conducted online, and the information program was provided to participants on 
a USB flash drive.  
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9.2.2.1. Demographic information 
Prior to completing the online assessment, the participants were presented with 
ten questions collecting demographic information. The items gathered information 
regarding the participants’ age, current gestation, marital status, cultural background, 
and postcode. In addition, the expectant mothers were asked to indicate their level of 
education, employment status, and household income. The expectant mothers were 
also asked whether they intended to take maternity leave, and if so, the planned 
length.  
9.2.2.2. Knowledge assessment 
Knowledge was assessed through online assessments, one that was completed 
pre-program completion and one that was completed post-program. The knowledge 
areas that were assessed were sleep and sleepiness and sleepy driving. There were 10 
items in both assessment areas. The pre- and post-program assessments included the 
same items presented in the same order. Details of the sleepy driving items are 
provided in Chapter 8, Section 8.5.1 and details of the sleep and sleepiness items 
were provided in Section 8.5.1.  
9.2.2.3. Information program 
A detailed description of the Information Program is provided in Chapter 8, 
Section 8.3. An outline of the modules and key components within each module are 
provided in Figure 9.1. 
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Figure 9.1. Overview of key points of information within in each program module 
 
9.2.2.4. Program evaluation 
The focus of this assessment was ascertaining whether the program was 
perceived to be accepted and helpful by the mothers, as well as whether the mothers 
intended to implement the strategies suggested. Mothers’ agreement was rated on a 
9-point Likert scale (1 = strongly disagree, 5 = neutral, 9 = strongly agree) to four 
statements regarding increasing understanding, increasing knowledge, managing own 
sleepiness/sleepy driving, and other mothers managing their sleepiness/sleepy 
driving. The statements were posed twice; the statements were posed in relation to 
sleepy driving as well postpartum sleepiness.  
One: Introduction
•Program plan
•Postpartum sleepiness: Why it is important
•Postpartum sleepiness: What mothers commonly report
Two: Sleep in the postpartum period
•General sleep
•Infant sleep
•Maternal postpartum sleep
Three: Psychological aspects of the postpartum period
•Thoughts about infant sleep
•Expectations for maternal postpartum sleep
•Stress and anxiety
Four: Social aspects of the postpartum period
•Infant care responsibilities
•Household responsibilities
Five: Driving and sleepiness in the postpartum period
•Sleepy driving risks
•Sleepy driving signs
•Sleepy driving countermeasures
Six: Planning for the postpartum period
•Sleep strategies
•Sleepy driving avoidance strategies
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For both postpartum sleepiness and postpartum sleepy driving, the mothers 
were asked to rate their level of knowledge before completing the program as well as 
after program completion. This was assessed on a 9-point Likert scale (1 = no 
knowledge, 5 = average level of knowledge, 9 = extremely well informed). For the 
four subject areas assessed via the sleep and sleepiness items as well as the three 
subject areas assessed via the sleepy driving items, the mothers were asked to rate 
how informative the program was for each of these areas on a 9-point Likert scale (1 
= not at all informative, 5 = moderately informative, 9 = very informative). 
Two items assessed whether the mothers intended to implement any strategies 
to avoid or reduce postpartum sleepiness, and then sleepy driving (yes vs. no).  The 
mothers were provided with three strategies relating to postpartum sleepiness, and 
three strategies relating to sleepy driving and asked to rate their confidence of 
implementing the strategies on a 9-point Likert scale (1 = not particularly confident, 
5 = moderately confident, 9 = very confident). The mothers were advised to leave the 
item blank if they did not intend on implementing a strategy in that area. 
9.2.3. Procedure 
Ethical clearance for this research study was obtained from the University 
Human Research Ethics Committee (Project No. 1400000221) prior to recruitment. 
To recruit participants, email advertisements were sent via university email lists and 
recruitment information was posted on university “Participate in Research” web 
pages, with initial information about the study and inclusion criteria. Links to these 
recruitment webpages were also shared on social media. Any interested potential 
participants emailed the principal researcher expressing their interest. The potential 
participants were then sent an email with further details about the study as well as the 
consent form. Those potential participants still interested in participation then 
returned the signed consent form and were enrolled in the study. 
After the signed consent form was obtained each participant was sent an email 
with the link to the pre-program assessment. After completion of the pre-program 
assessment, the participants were sent the information program on a USB flash drive 
as well as instructions for its use, and an addressed return envelope via the mail. The 
participants were told they had two weeks to complete the program. Upon 
completion of the program the participants mailed the USB flash drive back to the 
researcher. If the participants did not return the USB flash drive within this time 
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frame, they were sent a reminder email. Upon receipt of the returned USB flash 
drive, the researcher then sent the participant an email with a link to the post-
program assessment and feedback. After the participant completed the post-program 
assessment, the participants were sent a $100 department store voucher. A diagram 
of the participation requirements of the current study are presented in Figure 9.2. 
 
 
Figure 9.2. Study 3 participation flowchart including timing 
 
9.2.4. Data analysis 
The assessment, completed both pre- and post-program completion, was used 
to measure whether there were significant changes in the mothers’ knowledge within 
the two content areas. As such, a repeated measures analysis was required. The data 
from the assessment, which was divided into two content areas, were not normally 
distributed; therefore the Wilcoxon Signed Rank Test was used for these analyses. 
9.3. Results 
9.3.1. Knowledge assessment 
9.3.1.1. Sleepy driving 
A Wilcoxon Signed Rank Test revealed a statistically significant improvement 
in the sleepy driving questionnaire scores from pre to post-program completion, z = -
1.99, p = .046, with a medium effect size (r = .35). The median score remained the 
same (Md = 8), while the 75th percentile score increased from 8.75 to 10.00. Table 
9.1 presents the percentage of correct responses for each item during the two 
assessments.  
  
Pre-program 
assessment
•Sleepy driving 
quiz
•Postpartum sleep 
and sleepiness quiz
•10mins
Program 
completion
•Module 1: 20mins
•Module 2: 30mins
•Module 3: 15mins
•Module 4: 15mins
•Module 5: 30mins
•Module 6: 30mins
Post-program 
assessment
•Sleepy driving quiz
•Postpartum sleep 
and sleepiness quiz
•Program evaluation
•30mins
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Table 9.1  
Percentage of Correct Responses in the Sleepy Driving Items 
  Percentage Correct 
 Item Pre-program completion Post-program completion 
Sleepy driving risks 1 81.3% 75.0% 
 2 56.3% 93.8% 
 3 56.3% 75.0% 
 4 87.5% 68.8% 
 5 93.8% 93.8% 
Sleepy driving signs 6 87.5% 100.0% 
 7 87.5% 93.8% 
Sleepy driving  8 93.8% 93.8% 
avoidance strategies 9 37.5% 68.8% 
 10 100.0% 100.0% 
 
When completing the pre-program questionnaire, six mothers believed that the 
majority of people are most alert in the middle of the day; however, when they 
completed the post-program questionnaire, 15 of the mothers correctly identified the 
morning as the time when most people are alert (in line with the circadian rhythm 
and homeostatic drive to sleep; Question 2). During the pre-program questionnaire, 
10 mothers believed that conversing with a passenger was a more effective strategy 
than avoiding late night journeys, which reduced to five mothers during the post-
program questionnaire (Question 9).  
During post-program questionnaire completion, there were four questions to 
which a few participants provided inaccurate responses. Four mothers believed those 
awake for 24 hours and those with a BAC of 0.05% would both demonstrate high 
risk, rather than identifying that the sleep deprived driver would likely demonstrate 
slightly higher risk (Question 1). The four mothers who incorrectly responded to 
Question 3 did not identify the higher level of exposure with a few trips compared to 
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one trip, although they did select the only alternative option that included inadequate 
sleep within the description. There was a reduction in the number of mothers who 
correctly identified that a driver is likely to be least alert when driving late at night 
and in the early hours of the morning, with three mothers indicating that the time of 
lowest alertness was after lunch (Question 4).  
9.3.1.2. Postpartum sleep and sleepiness 
A Wilcoxon Signed Rank Test revealed no significant difference between the 
sleep and sleepiness questionnaire scores from pre- to post-program completion, z = 
-1.33, ns, with a small to medium effect size (r = .23). There was a ceiling effect 
found with the data during both assessments. The median score for the sleep and 
sleepiness questionnaire before program completion was 9 (75th percentile = 9), and 
was also 9 after program completion (75th percentile = 10). During the post-program 
assessment all mothers demonstrated accurate knowledge of typical sleep for infants, 
including the likelihood of regressions as well as improvement, and that Australian 
mothers’ postpartum sleep is typically determined by their infants’ sleep.  
Two key questions identified potential improvements in mothers’ knowledge. 
During post-program assessment, five mothers believed sleeping between 10 pm and 
7 am was the best way to achieve restorative sleep rather than identifying that 
obtaining an adequate amount of sleep would make someone more likely to achieve a 
restorative sleep (Question 5). Additionally, seven mothers believed that the biggest 
change from pre- to post-birth sleep was that mothers sleep less during the 
postpartum period rather than experiencing more frequent awakenings (Question 10).  
9.3.2. Program evaluation 
Overall, the participants rated the program as easy to understand (M = 8.38, SD 
= 0.89), as well as easy to complete (M = 8.19, SD = 0.98).  
9.3.2.1. Sleepy driving information 
All participants agreed that they had a better understanding of the factors that 
contribute to sleepy driving after completing the information program. Regarding 
their knowledge of sleepy driving prior to completing the program, six mothers 
believed their knowledge was lower than average, five mothers felt their knowledge 
was average, and five mothers believed their knowledge was above average. After 
completing the program, all mothers perceived their knowledge about sleepy driving 
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to be higher than average. A Wilcoxon Signed Rank Test indicated that the mothers 
perceived a significant increase in their knowledge about sleepy driving from before 
completing the program (Md = 5.00) to after program completion (Md = 7.50), z = -
3.44, p = .001, with a large effect size (r = .61). The information regarding sleepy 
driving signs was rated as most informative (M = 7.88, SD = 1.03), followed by 
sleepy driving risks (M = 7.69, SD = 1.25), and then sleepy driving avoidance 
strategies (M = 7.50, SD = 1.37). These means fall between moderately informative 
and very informative. 
9.3.2.2. Strategies for avoiding sleepy driving 
All mothers intended to implement strategies to avoid sleepy driving. There 
was overall belief that the program would help with managing postpartum sleepy 
driving. The sample indicated that they believed the program would help other 
expectant mothers manage their sleepy driving (M = 7.94, SD = 1.06), slightly more 
than managing their own sleepy driving (M = 7.56, SD = 1.32). 
Table 9.2 presents information regarding the mothers’ confidence in 
implementing strategies to avoid sleepy driving. The mothers were most confident 
with identifying sleepy driving signs whilst driving, followed by thinking about their 
sleepiness before driving, and least confident with making plans for another person 
to drive. On average, the mothers were quite confident with identifying sleepiness 
signs whilst driving. For each strategy area, there were mothers that were very 
confident in implementing these strategies. 
Table 9.2  
Strategies for Avoiding Sleepy Driving 
Strategy areas M (SD) Range 
Making plans with “back-up” drivers for common 
journeys* 
6.00 (2.11) 2 - 9 
Thinking about sleepiness prior to getting in the car 7.13 (1.78) 3 - 9 
Identifying sleepy driving signs whilst in the car 7.94 (1.06) 6 - 9 
* n = 14 due to two mothers not intending to implement this strategy. 
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9.3.2.3. Postpartum sleep and sleepiness information 
All participants agreed that they had a better understanding of the factors that 
contribute to postpartum sleepiness after completing the information program (50% 
strongly agreed). Two mothers (12.5%) indicated that they had no knowledge of 
postpartum sleepiness prior to participating in the study, 62.6% of mothers believed 
they had between a little bit of knowledge and an average amount of knowledge, and 
25% believed they were quite well informed on the topic. After completing the 
program, all mothers indicated that they had a higher than average amount of 
knowledge about postpartum sleepiness. A Wilcoxon Signed Rank Test indicated 
that the mothers perceived a significant increase in their knowledge about postpartum 
sleepiness from before completing the program (Md = 3.50) to after program 
completion (Md = 8.00), z = -3.53, p < .001, with a large effect size (r = .62). The 
information regarding mothers’ postpartum sleep was rated as the most informative 
(M = 8.13, SD = 0.96), followed by postpartum sleepiness (M = 8.06, SD = 1.0), then 
infant sleep (M = 8.00, SD = 0.97), and lastly general sleep processes (M = 7.94, SD 
= 1.39). 
9.3.2.4. Strategies for reducing sleepiness 
All mothers intended to implement strategies to attempt to overcome 
postpartum sleepiness. Overall, the mothers believed that the program would help 
with managing postpartum sleepiness. Interestingly, the sample indicated that they 
believed the program would help other expectant mothers manage their postpartum 
sleepiness (M = 7.94, SD = 1.06) slightly more than managing their own postpartum 
sleepiness (M = 7.75, SD = 1.07). This pattern was similar to that identified in 
Section 9.3.2.2 regarding the program helping other mothers manage sleepy driving 
slightly more than themselves.  
Table 9.3 presents information regarding the mothers’ confidence in 
implementing strategies to reduce postpartum sleepiness. In relation to reducing 
sleepiness, the mothers were most confident in implementing good sleep hygiene for 
themselves and least confident in implementing strategies to help entrain their 
infant’s sleep-wake cycle. 
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Table 9.3  
Potential strategies for reducing postpartum sleepiness 
Strategy areas M (SD) Range 
Help infant’s sleep-wake cycle develop 5.88 (1.67) 3 - 9 
Maximise mother’s sleep 7.06 (1.69) 3 - 9 
Implement good sleep hygiene for self 7.25 (1.61) 5 - 9 
 
9.4. Chapter Discussion 
9.4.1. Preventative information 
9.4.1.1. Mothers’ knowledge of sleepy driving 
There was a significant improvement in mothers’ scores on the sleepy driving 
assessment items from before program completion to after completion. During the 
post-program assessment the sample demonstrated good knowledge of the sleepy 
driving risks, signs and avoidance strategies. There were two items that demonstrated 
the most notable improvements. First, the mothers learnt that people are often most 
alert in the morning, and second, that avoiding late night driving is a more effective 
sleepy driving avoidance strategy than talking to a passenger. It was valuable to 
identify knowledge improvement in the mothers’ understanding of alertness across 
the day. That is, understanding that people are often most alert in the morning could 
allow mothers to plan their driving journeys during the morning rather than other 
times of day when their homeostatic pressure to sleep may make them sleepier. It 
was also valuable for the mothers to know that avoiding late night driving, when 
sleepiness is at its highest, is safer than trying to overcome sleepiness by conversing 
with a passenger.  
There were three knowledge areas identified that could be further improved 
upon. First, it was also not clearly understood that when a person embarks on a 
greater number of driving journeys they are increasing their exposure to crash risk. 
Second, comparisons between performance decrements associated with hours of 
wakefulness and performance decrements associated with BAC could be improved. 
The third knowledge area that could be further improved related to alertness 
variation across the day. The mothers appeared to understand that some people 
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experience an alertness dip in the afternoon. However, the results suggest it was not 
clearly understood within the sample that late night and early morning hours are 
times of greater sleepiness (circadian rhythm and sleep homeostatic pressure meet at 
this point too). Alternatively, the question assessing this point may have been 
confusing: “when is a person most likely to be least alert when driving?” with 
18.75% selecting “after lunch” as their response. Thus, assessment of this point 
should be made with a clearer question in the future. 
There was a significant increase in the mothers’ perception of their sleepy 
driving knowledge from prior program completion to post-program completion. This 
was a valuable finding, and suggests that the material within the program was 
perceived to be educative. After completing the program, all mothers believed their 
knowledge about sleepy driving was above average. Even though this was quite a 
positive finding, it provides scope for improvement towards the belief of high-level 
knowledge of sleepy driving. The expectant mothers found the empirical-based 
information provided in the program to be informative. The information regarding 
sleepy driving signs was rated as most informative, followed by sleepy driving risks, 
and then sleepy driving avoidance strategies. This suggests that the information 
regarding sleepy driving avoidance strategies could be improved upon, and as the 
key information should be the focus during amendments made in the future.  
Overall, it was positive to identify that sleepy driving knowledge improved 
following completion of the program. The next step should be to improve upon the 
information within the program or assessment items that indicated a reduction in 
accurate knowledge. Following this, identifying whether the acquired knowledge of 
sleepy driving risks, signs and avoidance strategies remains post-birth should be 
pursued. This should be done with a larger sample than obtained within this pilot 
study.   
9.4.1.2. Mothers’ knowledge of postpartum sleep and sleepiness 
Mothers’ knowledge of postpartum sleep and sleepiness displayed a trend 
towards an increase, however the data obtained prior to program completion revealed 
a ceiling effect. In addition, only a small to medium effect size was identified. 
Therefore, a significant improvement would have been difficult to identify within 
this limited sample in combination with the ceiling effect in the data. The data 
suggests that expectant mothers had a high level of knowledge regarding postpartum 
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sleep and sleepiness. However, it is also possible that the expectant mothers within 
this study had better knowledge than other first-time expectant mothers. The mothers 
within this sample were highly educated with all having completed a post-school 
qualification and almost half having obtained a Masters or PhD level degree. It is 
possible that these mothers’ have well-developed skills with seeking information, 
and had educated themselves about the changes they would likely experience once 
their infant arrives. One knowledge point that could be further improved within this 
sample was that maternal postpartum sleep is often fragmented but not always 
shorter in duration. This information could be revisited within the program to 
enhance clarity of this point. Overall, it was positive to identify high-level 
knowledge following completion of the program. Similar to the sleepy driving 
knowledge, the next step should be to identify whether this knowledge remains post-
birth. 
There was a significant increase in the mothers’ perception of their knowledge 
regarding postpartum sleep and sleepiness from before completing the program to 
after program completion. All expectant mothers believed they had higher than 
average knowledge of postpartum sleepiness after completing the information 
program. Overall, the information on postpartum sleep and sleepiness within the 
program was rated as very informative. The most informative information was 
regarding postpartum sleep, followed by postpartum sleepiness. This was a pertinent 
finding as these were the two key areas with the most important information for 
understanding the likelihood of driving whilst sleepy during the postpartum period.   
9.4.2. Preventative motivation and behavioural skills 
Addressing the preventative motivation and behavioural skills constructs 
within the IMB model was a secondary focus within this study. As the assessment 
periods took place during pregnancy rather than postpartum, it was not possible to 
assess actual use of behavioural skills. Therefore self-efficacy with performing the 
behavioural skills was assessed. Thus, this section focuses on findings regarding 
intention to undertake behaviours and confidence with implementing suggested 
strategies. 
9.4.2.1. Intention to implement strategies  
The expectant mothers believed that the program was beneficial, however they 
indicated that they believed the program would help other expectant mothers manage 
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their sleepy driving slightly more than manage their own sleepy driving. A similar 
finding was identified regarding the program helping them manage their postpartum 
sleepiness compared to other mothers managing their postpartum sleepiness. It is 
possible that this is due to the “Third-Person Effect”, which is a hypothesis proposed 
by Davison (1983). The hypothesis purports that people believe that messages 
conveyed to an audience will have a greater impact on other consumers compared to 
themselves. Perloff’s (1999) critical review concluded that the occurrence of the 
third-person effect is reliable and spreads across methods of communication, 
including health messages. Specifically, Lewis, Watson, and Tay (2007) investigated 
the role of the effect following exposure to anti-speeding and anti-drink driving road 
safety advertisements. The researchers identified that third-person effects were 
important predictors of drink driving and speeding intentions following exposure to 
the advertisements. In light of this previous road safety research, it was interesting to 
identify that following completion of the information program within this study all 
mothers intended to implement strategies to avoid sleepy driving, as well as intended 
to implement sleepiness reduction strategies. The mothers within this study 
demonstrated high level knowledge of postpartum sleep and sleepiness. If the 
mothers believed that their knowledge was above average, this may be a potential 
explanation for them believing that other mothers may gain more benefit from 
completing the program.  
In line with commonly utilised health behaviour theories (e.g. Theory of 
Planned Behavior), an assumption within this evaluation research was that intentions 
to partake in a health behaviour would be preceded by positive attitudes towards the 
behaviour. Based on this assumption, identifying intentions to avoid sleepy driving 
indicates positive attitudes towards sleepy driving avoidance. It is possible that this 
intention was influenced by the improvement in knowledge of sleepy driving risks, 
signs, and avoidance strategies. The provision of strategies for avoiding sleepy 
driving and trying to reduce sleepiness may have also stimulated intention, as the 
mothers did not need to formulate the behaviours themselves. 
9.4.2.2. Confidence with implementing strategies  
This was an initial and brief assessment to contribute towards the self-efficacy 
of performing the behavioural skills required for avoiding sleepy driving, based on 
the information obtained during the elicitation research step of this program of 
 Chapter 9: Study 3—Program Implementation and Evaluation 265 
research. The aim was to gauge whether the strategies previously identified as 
feasible and hence included in the program were strategies perinatal mothers would 
feel confident with implementing.  
As a sample, the expectant mothers were quite confident with identifying 
sleepy driving signs whilst driving, followed by thinking about sleepiness prior to 
getting in the driver’s seat. It was positive to find that the mothers were quite 
confident with these strategies. Thinking about sleepiness prior to getting in the car is 
a more effective strategy for sleepy driving avoidance than identifying sleepiness 
signs whilst driving. Thus, in the future it would be valuable to identify ways to 
increase mothers’ confidence with considering sleepiness prior to driving. The 
expectant mothers were moderately confident with making plans with back-up 
drivers. This strategy is more complicated than the prior two strategies as it involves 
the involvement of other drivers. Utilisation of this strategy would be influenced by a 
person’s social environment, mainly people within their household and the 
availability of others living in close proximity. Future research needs to address 
postpartum driving in the context of the family or household to provide more detailed 
information regarding mothers’ confidence with implementing these strategies. 
The mothers indicated they were confident with the strategies proposed that 
may reduce their sleepiness. The mothers were most confident with implementing 
good sleep hygiene for themselves. However, the mothers were only moderately 
confident with helping their infant’s sleep-wake cycle develop. It is possible that the 
strategies suggested in regards to their own sleep were clearer than the suggestions 
regarding their infant’s sleep. It is also possible that the mothers were more confident 
with imagining behaviours related to their sleep as this was a potentially easy 
process. In comparison, imagining behaviours relating to their unborn child’s sleep 
may have been difficult. Overall, based on this brief evaluation it is unclear why the 
mothers’ confidence differed between strategies and this is a potential future avenue 
of research.  
9.4.3. Strengths and limitations 
A key strength of this pilot study was that the program included information 
regarding postpartum sleepiness and driving that was evidence-based and population-
specific, which has not previously been done before. Also, researchers with 
appropriate expertise reviewed the program modules and improvements were made 
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prior to implementation. In addition, the study obtained baseline measurements of the 
mothers’ knowledge regarding postpartum sleep and sleepiness, and sleepy driving 
prior to them completing the program. This allowed improvements in knowledge to 
be ascertained via post-program knowledge assessment. 
One limitation was that the knowledge assessment, which included items 
regarding postpartum sleep and sleepiness as well as sleepy driving, was not piloted 
prior to inclusion within the study. As such, the sleep and sleepiness data 
demonstrated a ceiling effect, which may have been avoided if the items were 
piloted. In addition, the generalizability of the findings within this study is limited 
due to the collection of data from a modest sample. 
This study was conducted with mothers during pregnancy and it is not clear 
whether the participants retained the knowledge for use during the postpartum 
period. Also, this study did not assess actual behaviour, it only assessed intention to 
perform behaviour as well as self-efficacy. In the future, an additional assessment 
period could be added to the current study design in which mothers’ knowledge and 
actual behaviour is assessed during the postpartum period.  
Another limitation was that there was no assessment of engagement with the 
material within the program. Thus, it is unclear whether the mothers spent sufficient 
time engaging with the material to absorb the key content. If the program was to be 
converted to an online platform in the future data analytics could be utilised to 
ascertain valuable data assessing engagement, such as the length of time participants 
viewed a page, their general navigation within the program, or time of day of 
completing the program.  
9.4.4. Concluding comments 
In conclusion, this pilot study provided support for the program improving 
expectant mothers’ knowledge of sleepy driving risks, signs, and avoidance 
strategies. However, support was not found for the program improving expectant 
mothers’ knowledge regarding postpartum sleep and sleepiness. The evaluation of 
the program identified that expectant mothers perceived an improvement in their 
knowledge of key information, intended to implement strategies in the postpartum 
period to avoid sleepy driving and had adequate levels of self-efficacy with 
performing these strategies. Overall, this study provided initial support for 
 Chapter 9: Study 3—Program Implementation and Evaluation 267 
implementing the program. The following chapter will provide an overall discussion 
of this program of research, including future directions. 
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Chapter 10: Discussion 
10.1. Overview of the completed research program 
Mothers commonly experience postpartum sleepiness in the months following 
the birth of a child. Sleepy driving is associated with elevated crash risk. This 
sleepiness exposes mothers to increased crash risk when driving. Limited previous 
research has investigated whether postpartum mothers are driving at times of high 
sleepiness. This program of research intended to gain an understanding of 
postpartum sleepiness and driving within the postpartum period, and develop an 
information program to help mothers avoid sleepy driving during the postpartum 
period.  
The program of research that has been documented within the previous 
chapters addressed three overall research aims: 
1. Identify information about sleepy driving prevalence, motivational factors 
regarding sleepy driving avoidance, and feasible behavioural skills for 
avoiding sleepy driving specifically focused on postpartum mothers.  
2. Contribute to the development of an intervention to reduce the risk of 
postpartum mothers sleepy driving, with a focus on the inclusion of 
empirical-based and population-specific preventative information. 
3. Evaluate the intervention, focusing on the information construct.  
It was anticipated that accomplishing these aims would form the basis of an 
intervention that would reduce the crash risk associated with mothers’ sleepy driving 
during the postpartum period. Seven research questions were developed to inform 
these aims and to inform the direction the program of research. The first four 
research questions were addressed in Studies 1 and 2 during the elicitation research 
step of the program of research. These research questions were:  
RQ1: What are the characteristic patterns of mothers’ driving during the 
postpartum period?  
RQ2: What are the common characteristics of maternal postpartum 
sleepiness?  
RQ3: What are the mothers’ attitudes towards avoiding sleepy driving? 
RQ4: What strategies to avoid sleepy driving are most feasible for 
postpartum mothers? 
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The following three research questions were addressed during the 
evaluation research step of the program of research. These research questions 
were: 
RQ5: Does mothers’ knowledge improve from before to after program 
completion? 
RQ6: Do mothers intend to implement strategies to avoid sleepy driving?  
RQ7: How confident were the mothers in their ability to implement 
strategies to avoid sleepy driving?  
Three studies were designed to address the research questions, and in turn fulfil 
the research aims. Study 1 utilised a mixed method approach, including naturalistic, 
prospective assessment of mothers’ driving, sleepiness and sleep, during four time 
points across the postpartum period, as well as conducting interviews during two of 
these time points. Thus, Study 1 addressed research questions 1 and 2 with both 
quantitative and qualitative data, and research questions 3 and 4 were addressed with 
qualitative data. To investigate the findings of Study 1 with a larger sample, Study 2 
utilised an online questionnaire to obtain cross-sectional data from mothers across 
the postpartum period regarding their driving, sleepiness, and sleep. Study 2 
addressed research questions 1, 2, 3, and 4. Study 3 involved the development and 
piloting of a computer-based program aimed at informing women about sleep, 
sleepiness, and driving during the postpartum period. Evaluation of the program was 
conducted through the completion of pre- and post-program assessments by the 
participants, which allowed research questions 5, 6, and 7 to be addressed. The 
development of Studies 2 and 3 were both data and theoretically driven.   
10.2. Addressing the research questions 
10.2.1. Elicitation research 
10.2.1.1. Preventative information 
RQ1: What are the characteristic patterns of mothers’ driving during the 
postpartum period? 
The elicitation research step of this program of research (i.e., Studies 1 and 2) 
identified that most of these urban-dwelling mothers drove regularly during the 
postpartum period, with some mothers exhibiting high exposure to the road 
environment. This was not a surprising finding based on the high reliance of driving 
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within the general Australian urban population (Australian Bureau of Statistics, 
2013a). However, it was beneficial to obtain metrics of postpartum driving 
behaviour, for mothers with current driver’s licences, as this is currently lacking 
within the relevant literature. 
The first exposure metric obtained within this program of research was number 
of driving journeys per 7-day period. Within the prospective, longitudinal, and 
naturalistic assessment of postpartum mothers’ driving in Study 1a, the mean 
numbers of driving journeys were between nine and 13, which were comparable to 
the mean number of journeys previously identified within this population (Armstrong 
et al., 2014). These means equate to driving once or twice a day, demonstrating 
regular exposure to the road. Within Study 1a, high exposure to the road was 
demonstrated during each assessment period by reports of 20 or more driving 
journeys during the 7-day period. The cross-sectional questionnaire data collected in 
Study 2a confirmed that postpartum mothers typically demonstrate regular exposure 
to the road environment, with a mean of 10.5 journeys and some mothers 
demonstrating high exposure by driving 30 times within the prior 7-day period. This 
regular exposure to the road environment was also recently identified by Malish et al. 
(2015) who found that a large proportion of postpartum parents drive over 100 miles 
(i.e., over 161 km) per week.  
In Study 1a, during the assessment period at 6 weeks postpartum there was a 
trend of reduced driving. In Study 2a, the mothers within the first 6 postpartum 
weeks drove significantly less than mothers later in the postpartum period. These 
findings taken together suggest that mothers may commonly reduce their driving 
during the early postpartum weeks. Driving self-regulation, which includes reduced 
driving, has been identified in other populations that exhibit reduced confidence in 
their driving, such as older adults (Baldock, Mathias, McLean, & Berndt, 2006; 
Molnar & Eby, 2008). It is possible that mothers within Studies 1 and 2 were self-
regulating their driving in the early postpartum period due to concern regarding their 
ability to drive safely, including high sleepiness. Support for this assertion was 
identified in Study 1b, with some postpartum mothers indicating that they were 
trying to be aware of their sleepiness and implementing avoidance strategies. It is 
also possible that reduced driving in the early postpartum period may be due to 
recovering from the birth, particularly mothers who delivered via caesarean-section 
and who will likely have been advised to refrain from driving until physically 
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capable of responding to unpredictable situations (The Royal Australian and New 
Zealand College of Obstetricians and Gynaecologists, 2012). Regardless of the 
reason, identifying that postpartum mothers can exhibit driving self-regulation 
indicates that postpartum mothers’ driving behaviour can be modified. 
The second exposure metric obtained within this program of research was time 
of day of driving journeys. A time of day effect in the frequency of driving journeys 
was identified with the postpartum mothers in Study 1a. Specifically, the highest 
proportion of driving journeys occurred in the morning, and a small number of 
journeys occurred late at night or in the early hours of the morning. This is similar to 
the travel behaviour for discretionary travel (e.g., social or shopping purposes) 
identified within the Sydney Metropolitan area (NSW Transport Data Centre, 2010), 
which is quite representative of urban areas within other areas of Australia. The 
findings in Study 2a provided insight into the purpose of postpartum mothers’ 
driving journeys. It was identified that mothers commonly drove to or from the 
shops, as well as to do errands, during the day. These findings suggest that these 
journeys may not need to be undertaken at specific times, in comparison to 
commuting to work. Also, the higher frequency of journeys in the morning in Study 
1a may be another method of self-regulation due to feeling more alert at that time of 
day. Thus, these findings taken together suggest that the time when postpartum 
mothers undertake these common driving journeys is likely to be flexible. As such, 
highlighting the flexibility of these journeys was a valuable intervention point for 
avoiding driving when sleepy. It was also identified the mothers driving in the late 
evening and early hours of the morning were often doing so to attend social outings. 
This was an interesting finding, in light of one mother in Study 1b describing her role 
as the sober “designated driver” during the postpartum period. Mothers who choose 
to take on the designated driver role during the postpartum period indicate a 
willingness to implement strategies to avoid incidents on the road. However, these 
mothers also indicate the need to raise awareness of the crash risk associated with 
sleepy driving. 
The data from Study 1a, which required postpartum mothers to report each 
driving journey and annotate their respective sleepiness, identified a concerning 
proportion of journeys made with a high level of sleepiness. In particular, 
approximately half of all driving journeys reported at 6 weeks postpartum were made 
with a high level of sleepiness, which echoed previous findings by Armstrong et al. 
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(2014). It was particularly interesting to identify that high sleepiness journeys 
occurred during the day, including the morning when people should typically feel 
alert. In addition, Malish et al. (2015) recently found that approximately 18.1% of 
postpartum parents (M = 22.4 weeks postpartum, SD = 14.2) report driving whilst 
sleepy once a week. Therefore, these findings indicate that there are a concerning 
number of driving journeys undertaken with high levels of sleepiness. As such, 
postpartum mothers are a population that needs to be informed about the risks 
associated with driving whilst sleepy.  
A pertinent finding within Study 1a was that late night journeys were typically 
undertaken with high sleepiness. Experiencing a strong drive to sleep at this time of 
day is expected in line with the two-process model (Borbély, 1982), because the 
circadian and homeostatic processes combine to invoke sleepiness. The time of day 
effect on driving journeys was confirmed in Study 2a, with those postpartum mothers 
who reported driving during all time periods reporting feeling sleepiest when driving 
during late night or early morning hours. Driving during this time of day should be 
generally avoided due to increased sleep propensity, and the need for avoidance is 
exacerbated in populations that are likely to be experiencing more extreme levels of 
sleepiness. For example, Stevenson et al.’s (2014) study that recruited 530 heavy 
vehicle drivers after their involvement in a crash identified that 91% of the drivers 
scored 10 or above on the ESS (indicating EDS).  
Within Study 2a there were seven mothers (5%) who reported nodding off 
whilst driving during their current postpartum period, and notably, four of these 
mothers reported nodding off more than once. In addition, within Study 1b one 
mother reported nodding off, and there were a number of other negative impacts of 
sleepiness on driving reported by the mothers in the sample. These impacts included 
concentration difficulties, such as difficulty with focusing on the driving task and 
functioning on autopilot, and which have been previously reported by postpartum 
mothers (Livingstone et al., 2009). These negative impacts, in particular nodding off 
whilst driving, indicate a concerning level of poor performance on the driving task. 
When sleepiness reaches this level it is extremely dangerous for the driver, any 
passengers, and other road users. It is concerning that postpartum mothers report 
driving with such high sleepiness and suggests there may be a lack of awareness 
regarding the crash risk associated with sleepy driving. This assertion is supported by 
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the finding of repeated nodding off occurrences, as these mothers did not modify 
their behaviour after their first nodding off occurrence. 
The interviews conducted in Study 1b provided insight into the purpose of 
mothers driving journeys during the postpartum period. For mothers in this sample, 
who were all residing with their partners and infants (as well as other children for 
some), there was a suggestion that driving behaviour was often determined by their 
responsibilities within their family. This idea was supported by the quantitative data 
collected in Studies 1a and 2a, which demonstrated wide variability in the number of 
driving journeys undertaken between mothers, as well as finding in Study 2a that 
mothers were commonly driving to the shops and completing errands. Also 
suggested within the qualitative data was that some mothers believed that it was 
necessary to undertake some journeys as the driver, whether they were sleepy or not. 
This suggested that mothers may be unaware of the crash risk associated with sleepy 
driving. The implication of these findings was that postpartum mothers need to be 
made aware of the risk associated with sleepy driving, and in turn the perception of 
the necessity to undertake journeys as a driver may need to be challenged. 
Overall, these findings suggest that Australian urban postpartum mothers are a 
population at increased crash risk and who appear to lack awareness of the risks 
associated with sleepy driving. Therefore, their awareness of the risks associated 
with sleepy driving should be raised to allow them to implement strategies to avoid 
sleepy driving. 
RQ2: What are the common characteristics of maternal postpartum 
sleepiness? 
The findings from Study 1a and Study 2b suggest that a concerning proportion 
of these generally healthy Australian postpartum mothers are functioning with 
sleepiness at a level associated with neurobehavioural performance deficits (Shattuck 
& Matsangas, 2015), such as those associated with poor driving performance. 
Particular concern is warranted for mothers within the early postpartum period, with 
half of the mothers in Studies 1a and Study 2b classified with EDS. Even though 
there was a trend of sleepiness being highest early in the postpartum period, 
significant improvement was not identified across the postpartum period. The trend 
identified in these two studies was an improvement across the period until between 
postpartum weeks 18 and 24, and then a decline. The implication of these findings is 
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that postpartum mothers need to be made aware of the likelihood of experiencing 
EDS early in the postpartum period, and that sleepiness may not dissipate or even 
significantly improve across the first 6 postpartum months.   
In Study 1a, the mothers reported sleepiness affected them physically, 
cognitively, and emotionally more frequently than socially. This was finding was 
then confirmed in Study 2b. This was further supported by the themes identified in 
Study 1b. The resultants within the sleepiness dataset comprised of four themes, 
which were the physical, cognitive, emotional, and social impacts of sleepiness. 
Examples of the impacts included a lack of energy (physical), concentration 
difficulties (cognitive), and heightened irritability (emotional). The social impacts 
were often secondary to the other impacts, such as reduced socialisation due to 
difficulty concentrating during conversations. A pertinent finding was the cognitive 
impacts reported, in particular the concentration difficulties experienced. Difficulty 
with concentrating on the task at hand represents a concern for neurobehavioural 
performance, and in turn driving performance. As such, postpartum mothers 
experiencing sleepiness and, in particular, who notice concentration difficulties need 
to be made aware of the crash risk associated with driving whilst experiencing these 
symptoms of sleepiness.   
Study 1b identified that the mothers perceived biological factors, particularly 
inadequate sleep, to be contributing factors towards postpartum sleepiness. Lack of 
sleep and sleep fragmentation were cited as the main contributing factors. This 
suggestion is supported by the quantitative sleep data obtained in Study 1a that 
identified that while not all of the mothers were experiencing reduced sleep, most 
were experiencing sleep fragmentation. These findings are in line with previous 
research in the area (Montgomery-Downs et al., 2010; Swain et al., 1997). The 
mothers also suggested psychological and social factors that they perceived to have a 
contributing affect toward postpartum sleepiness. Study 2b explored these 
psychological and social factors; however, no clear associations with sleepiness were 
identified.  
Both Studies 1 and 2 provided insight into what factors contributed towards 
maternal postpartum sleepiness. Due to the previous literature Study 1a focused on 
obtaining quantitative data regarding mothers’ sleep during the postpartum period. 
The findings indicated that sleep fragmentation is commonly experienced in the 
postpartum period and some mothers may experience chronic sleep restriction. There 
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was wide variability from mother-to-mother in the sleep variables extrapolated and 
no clear sample-wide trajectory of sleep across the postpartum period ascertained. 
The only consistent significant association identified across the assessment periods 
was between KSS and TST, with higher sleepiness associated with less sleep. The 
findings from Study 2b lend support towards higher levels of sleep fragmentation 
and lower TST contributing towards higher levels of sleepiness. Unfortunately, for 
many mothers during the postpartum period their sleep cannot approximate ideal 
adult sleep until their infant’s sleep develops. These relatively healthy, urban-
dwelling, Australian mothers, who resided with their partners, appeared to undertake 
the majority of the night time care of their infants. This was indicated with the strong 
correlations between mothers’ and infants’ LSPs and NocSBs.  
Overall, it is not clear exactly what all of the factors are that affect postpartum 
sleepiness. The main factor does appear to be maternal sleep, which is heavily 
impacted by infant sleep. Thus, even when attempts are made to improve sleepiness, 
it is likely that it will be inevitable at times during the postpartum period. In addition, 
sleepiness appears to fluctuate across the postpartum period. Thus, postpartum 
mothers need to be aware of this and make provisions to enable them to choose not 
to embark upon driving journeys when they are experiencing sleepiness.  
10.2.1.2. Preventative motivation 
RQ3: What are the mothers’ attitudes toward avoiding sleepy driving? 
The postpartum mothers within Studies 1 and 2 exhibited slightly positive 
attitudes towards avoiding sleepy driving, indicating an opportunity for these 
attitudes to be increased. That is, in terms of the IMB model, more positive attitudes 
towards avoiding sleepy driving would contribute to the enactment of behavioural 
skills necessary to partake in sleepy driving avoidance (Fisher et al., 2003). Thus, 
this initial research demonstrates that there is scope for postpartum mothers to 
develop more positive attitudes towards sleepy driving avoidance. 
The sleepy driving self-awareness and avoidance strategies theme identified 
within Study 1b, suggested that some postpartum mothers held positive attitudes 
towards avoiding sleepy driving, because they were attempting to self-regulate their 
driving when sleepy. However, engaging in sleepy driving was reported, even by 
those who attempted to self-regulate their driving, as identified in the theme sleepy 
driving admissions. This theme also included admissions from mothers who noticed 
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their sleepiness and continued driving. Continuing to drive after noticing sleepiness 
has been identified as a prevalent and relatively frequent behaviour by Australian 
drivers (Obst et al., 2011). Overall consideration of the themes identified within 
Study 1b suggests that postpartum mothers hold positive attitudes towards avoiding 
sleepy driving, but that these attitudes are not strong enough to elicit the performance 
of behavioural skills needed for sleepy driving avoidance.   
Two methods of driving self-regulation reported within Study 1b were driving 
shorter distances and undertaking journeys of shorter durations. These methods 
suggest the mothers were making judgments based on exposure and perceived crash 
risk. That is, the view that undertaking journeys of shorter distances or duration when 
sleepy is associated with low crash risk. Similar judgments were identified in Study 
2a, with mothers commonly reporting that they continued to drive whilst sleepy, 
because they were only going a short distance. The perception that undertaking short 
journeys whilst sleepy represents low crash risk demonstrates an inaccurate 
judgment, as crash risk is associated with sleepiness levels regardless of exposure 
(Connor et al., 2002). These findings taken together with previous findings that 
postpartum mothers appear to be somewhat unaware of the risk associated with 
sleepy driving, suggests that postpartum mothers hold slightly positive attitudes 
towards avoiding sleepy driving. That is, their attempts to reduce risk suggest 
positive attitudes towards avoiding sleepy driving; however, their lack of awareness 
of the associated risk restricts the strength of their attitudes. 
The perceived necessity of undertaking some journeys was a key finding 
regarding mothers’ attitudes toward avoiding sleepy driving. Within the general 
driving behaviour theme identified in Study 1b, the postpartum mothers’ driving 
behaviour comprised of individually-determined journeys as well as journeys to be 
undertaken within their family (e.g., picking up a partner from the train station after 
work). It was identified that some mothers felt as though they needed to undertake 
these journeys as a driver, regardless of how sleepy they were at the time. Identifying 
this perceived necessity of journeys suggests that postpartum mothers may be 
striking a balance between perceived crash risk and perceived importance of the 
journey. Thus, postpartum mothers’ perception of the need to undertake journeys, 
even when sleepy, indicates attitudes toward sleepy driving that could be improved.   
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10.2.1.3. Preventative behavioural skills 
RQ4: What strategies to avoid sleepy driving are most feasible for postpartum 
mothers? 
Within the interviews in Study 1b, the mothers described a number of 
strategies they had been utilising to avoid sleepy driving, which provided a list of 
strategies deemed feasible for implementation during the postpartum period. As 
previously discussed, the mothers within this study appeared to be making judgments 
based on exposure and perceived risk. As such, it was not surprising to identify the 
strategies of avoiding long distance journeys and only undertaking journeys of short 
durations, which are both aimed at reducing exposure. However, as previously 
discussed these strategies do not achieve sleepy driving avoidance. Another strategy 
identified in Study 1b was sharing the driving with another person. This was echoed 
in Study 2a with the mothers indicating that swapping drivers was the strategy most 
frequently used and that they would be very willing to use this strategy in the future. 
This was a pertinent finding, particularly in light of this potentially being a very 
effective strategy as it removes the sleepy driver from interacting with the road 
environment. In order for this strategy to be effective, the availability of alternative 
drivers needs to be ensured. This includes physical presence of a licenced driver, 
who can exhibit appropriate neurobehavioural performance on the driving task.  
Within Study 1b, some mothers attempted to consciously consider their 
sleepiness and to undertake journeys when alert. However, when this was assessed in 
Study 2a, the sample reported only sometimes thinking about their sleepiness prior to 
getting in the car or whilst driving. However, it is possible that a lack of accurate 
knowledge regarding crash risk, as well as attitudes that could be more positive 
towards avoiding sleepy driving, resulted in the current limited enactment of these 
behavioural skills. Thus, the current limited use of these strategies is not due to their 
infeasibility. As such, these strategies were identified as strategies that should be 
further pursued for this population, particularly when knowledge and motivation are 
also targeted. Thus, getting mothers to accurately self-assess their sleepiness prior to 
getting in the car was identified as a key strategy for avoiding sleepy driving in the 
postpartum period.  
As it is unlikely that accurate self-assessment will always occur, prior to 
initiating journeys, self-assessment when driving is also needed. When accurate self-
assessment whilst driving occurs, the mothers would then need to implement 
 Chapter 10: Discussion 279 
strategies to remove themselves from the road environment. In Study 2a the 
postpartum mothers reported that they would be willing to implement 
countermeasures that involve stopping the car and removing themselves from the 
road environment, such as getting out of the car, or to eat or drink. These findings 
suggested that strategies aimed at the mothers postponing journeys or finding 
alternatives to driving when sleepiness is elevated are feasible. The feasibility of 
these strategies is also supported by the finding that journeys undertaken by mothers 
in the postpartum period may be quite flexible.  
10.2.2. Evaluation research 
10.2.2.1. Preventative information 
Based on the findings from Studies 1 and 2, an information program was 
developed and piloted with a sample of expectant mothers, and an initial endeavour 
to conduct evaluation research was undertaken. As implementation of this program 
was not a comprehensive intervention with a control group, the evaluation research 
conducted within this program of research was limited and focused on the 
preventative information construct.  
RQ5: Does mothers’ knowledge improve from before to after program 
completion? 
The results from Study 3 identified a significant improvement in the expectant 
mothers’ knowledge of sleepy driving risks, signs, and avoidance strategies. The two 
key implications of this finding were that they identified scope for improvement in 
perinatal mothers’ knowledge regarding sleepy driving, and that a brief program 
focusing on providing evidence-based information filled this knowledge gap. As 
such, it is evident that the information within the program addressed some 
knowledge deficits regarding sleepy driving, and it would be valuable to implement 
an intervention with this population in the future. Prior to future utilisation of the 
program, improvements in the delivery of the content that did not clearly exhibit an 
improvement in knowledge should be made. For example, more clearly conveying 
that an increase in the number of driving journeys undertaken increases exposure, 
should be a key point more clearly conveyed. Overall, finding this significant 
knowledge improvement following completion of this program also suggests that 
provision of this information, through education programs, campaigns, or by health 
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professionals, could improve knowledge of sleepy driving and create awareness of its 
associated risk. 
The most pertinent finding regarding the expectant mothers’ knowledge of 
postpartum sleep and sleepiness was that the mothers demonstrated a high level of 
knowledge prior to completing the program. This is similar to the finding in Study 2b 
that postpartum mothers held quite high-level knowledge regarding infant and 
postpartum sleep. These findings taken together suggest that perinatal mothers may 
not need to be educated about postpartum sleep, but may benefit more from being 
educated about the links between inadequate sleep, sleepiness, and risk when driving. 
A practical implication for the future use of the information program developed in 
Study 3, is that Module One: Sleep in the Postpartum Period, could be reduced and 
more explicit links between sleepiness and safety risk could be conveyed. It also 
suggests that rather than health professionals simply conveying information about the 
common inadequate sleep experienced during the postpartum period, that it may be 
more beneficial to inform perinatal mothers about the associated risks of 
experiencing inadequate sleep. 
10.2.2.2. Preventative motivation and behavioural skills 
RQ6: Do mothers intend to implement strategies to avoid sleepy driving? 
The brief evaluation identified that following completion of the program all 
mothers intended to implement strategies to avoid sleepy driving as well as 
sleepiness reduction strategies during the postpartum period. A pertinent finding was 
that the mothers believed the information program would be more beneficial for 
others compared to themselves, suggesting that the third-person effect was at play. 
Previous research has identified the effect within road safety contexts (Lewis et al., 
2007). Identifying the intentions towards implementing strategies, even though there 
was a perception that the program would have greater effect on others, demonstrates 
the behavioural component of the third-person effect (Perloff, 1999). That is, the 
mothers intended behaviour may be due to the anticipated impact of the information 
on others. 
RQ7: How confident were the mothers in their ability to implement strategies 
to avoid sleepy driving? 
The expectant mothers were quite confident with identifying sleepy driving 
signs whilst driving. The signs explained within the program were nodding off or 
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having a microsleep, heavy eyelids, yawning, lane drifting, and concentration 
difficulties. The expectant mothers were quite confident with thinking about 
sleepiness prior to getting in the driver’s seat. This is positive in light of some 
postpartum mothers in Study 1b reporting that they were consciously considering 
their sleepiness prior to driving during the postpartum period.  
The mothers indicated they were confident with the strategies proposed that 
may reduce their sleepiness. The mothers were most confident with implementing 
strategies regarding their sleep. Strategies suggested included going to bed early, 
avoid bright lights at night, and napping when possible. However, the mothers were 
only moderately confident with helping their infant’s sleep-wake cycle develop.  
10.3. Implications of the research 
10.3.1. Practical implications 
The real-world implications of this program of research relate to reducing the 
risk associated with sleepy driving during the postpartum period, by educating 
perinatal mothers. For this population, health professionals such as midwives, 
obstetricians, and general practice doctors would likely be providing the frontline 
delivery and/or promotion of this education.   
The first practical implication relates to increasing awareness of postpartum 
sleepiness and its common impacts on daily functioning. As highlighted in the 
literature review, education about postpartum sleepiness is lacking and only 
potentially addressed within education campaigns addressing maternal or infant sleep 
(Kempler et al., 2012). As identified in both Studies 1 and 2, notable proportions of 
these otherwise typically healthy women exhibit EDS during the postpartum period. 
Findings from Study 2 indicate that sleepiness appears be most clearly linked to the 
amount of sleep and fragmented sleep experienced due to attending to their infant 
across the night. Thus, practitioners should encourage mothers to maximise their 
sleep opportunities and implement simple strategies that may assist with their 
infant’s entrainment of their sleep-wake cycle. Findings from Study 3 suggest that 
mothers feel more confident with their own sleep maximisation than assisting with 
their infant’s sleep entrainment. However, this may be because these pregnant 
women were expecting their first child and were having difficulty picturing these 
behaviours. The implication is that it may be more beneficial to provide these 
strategies, particularly infant strategies, at a time when the mothers could actually 
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implement them, during the postpartum period. Unfortunately, implementation of 
these strategies would not definitely result in reduced sleepiness. As such, a focus on 
avoiding sleepy driving is also needed for this population.  
The second practical implication relates to improving evidence-based 
knowledge of the crash risk associated with sleepy driving and awareness of the 
prevalence of its occurrence. To date, there are only three published studies 
investigating postpartum driving (Armstrong et al., 2014; Livingstone et al., 2009; 
Malish et al., 2015), thus more empirical research is required. Within this program of 
research it was identified that postpartum women were driving at times with high 
sleepiness (Study 1a) and in turn increased crash risk. Within Study 1b also reported 
poor performance attributed to sleepiness. Within Study 2a it was identified that 
mothers identified driving and continued driving, and a small proportion reported 
nodding off. It was identified that the postpartum mothers seemed to be making 
inaccurate judgments regarding exposure and risk associated with sleepy driving. 
That is, the mothers were reducing their driving to reduce their crash risk, even 
though high crash risk is still present when driving whilst sleepy. This has 
implications for health professionals in contact with perinatal mothers. For example, 
obstetricians currently advise mothers about their ability to drive following caesarean 
deliveries (The Royal Australian and New Zealand College of Obstetricians and 
Gynaecologists, 2012), and as such could also provide general warnings regarding 
the risk associated with driving when sleepy. 
Current sleepy driving avoidance campaigns may also need an upheaval in 
order to more accurately convey the risks of sleepy driving. Current campaigns focus 
on the risk factors of long distance driving, and often suggest napping as a 
countermeasure (Department of Transport and Main Roads, 2010). The lack of 
understanding that sleepy driving results in increased crash risk within the 
postpartum population suggests that the current knowledge of sleepy driving risk 
derives from these campaigns; campaigns that implicitly suggest that sleepy driving 
is not a concern on urban roads when undertaking short journeys. In order for these 
transport authorities to modify their campaigns, more research investigating sleepy 
driving in urban areas may be required.  
The third practical implication relates to developing more positive attitudes 
towards sleepy driving avoidance. As the postpartum mothers within this program of 
research appeared to be attempting to avoid sleepy driving at times, or reduce their 
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perceived risk, they appeared to have slightly positive attitudes towards avoiding 
sleepy driving. There was scope for these attitudes to be improved however, as they 
were still partaking in sleepy driving. It is likely that these attitudes were not as 
strong as hoped due to lack of knowledge. These mothers’ sleepy driving behaviour, 
and potentially attitudes, appeared to be formulated within their family. A pertinent 
finding within the current research was the perceived necessity to undertake some 
journeys due to family responsibilities. Therefore, to improve attitudes towards 
avoiding sleepy driving, evidence-based crash risk information may need to be 
conveyed as well as perceived necessity challenged, and potentially reach other 
members of the family. This would be best achieved through sleepy driving 
education campaigns via current road authorities or as part of the information 
provided to perinatal women by health professionals.  
The fourth practical implication relates to encouraging the implementation of 
strategies to avoid sleepy driving. The current strategies offered within road safety 
campaigns for avoiding sleepy driving focus on long journeys, usually on highways, 
such as napping, having a break every two hours, and driving with another person so 
the driving can be shared (Department of Transport and Main Roads, 2010). These 
strategies do not appear to be relevant for the majority of postpartum mothers’ 
driving journeys. Also, avoidance is only achieved by not driving when sleepy. As 
such, considering sleepiness prior to getting in the car was a key strategy identified 
within the current program of research, and the mothers within Study 3 felt confident 
with implementing it. It does, however, require accurate identification of sleepiness, 
which may not always be achieved, as well as flexibility to not undertake or postpone 
the journey. This requires planning and forethought, and possibly uptake may only 
occur following acquisition of accurate knowledge and development of positive 
attitudes. As a consequence, education campaigns should also provide information 
regarding signs of sleepiness and encourage drivers to identify their occurrence 
whilst driving. This would in turn allow them to cease driving. 
These four implications were incorporated into the information program 
developed and piloted with a limited sample of expectant mothers in Study 3. Thus, 
utilisation and further development of this program would allow for real-world 
application of the information identified within this program of research. 
Identification that the evidence-based and population-specific information within this 
program improved knowledge regarding sleepy driving risks, signs, and avoidance 
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strategies in the pilot sample is Study 3 provides support for the utility of this 
program within the target population. Thus, this program should be utilised within 
the development of an intervention that could be used within a randomised control 
trial. In the context of conducting a randomised controlled trial, and long-term 
implementation of an intervention, the current program of research conducted the 
preclinical phase and Phase I (modelling), followed by initial steps within Phase II 
(exploratory trial). Therefore, the next steps should be to conduct a proper 
exploratory trial (as depicted in Figure 10.1). As the focus within this program of 
research was to identify preventative information, there is scope for the first two 
phases to be revisited to determine motivational factors, and incorporate motivation 
and behavioural skills factors into the program. This would allow for the current 
information program to be developed into a comprehensive intervention.  
 
 
Figure 10.1. Sequential phases of developing randomised controlled trials of 
complex interventions  Adapted from “Framework for design and evaluation of 
complex interventions to improve health” by Campbell et al. (2000). 
The last key practical implication is that these findings could also be 
generalised to other people who experience regular sleep fragmentation. It could be 
particularly relevant to those whose sleep is dictated by another person, such as 
carers for those who commonly experience sleep fragmentation, including those with 
a sleep disorder or elderly people with dementia (Creese, Bédard, Brazil, & 
Chambers, 2008). Persons within these populations experiencing irregular and 
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fragmented night-time sleep are likely to experience sleepiness similar to postpartum 
mothers, indicating a comparable crash risk. The alternative driving arrangements 
suggested within this program of research for postpartum mothers may also be 
applicable to others experiencing times of increased sleepiness. The strategies are 
based on the assumptions that the target person’s driving behaviour occurs within the 
context of their family or social support network, and that most of their journeys are 
flexible (i.e., able to be postponed). Thus, these strategies are likely to be most 
transferable to older adults who are retired, or people not currently in paid 
employment, and who drive for discretionary purposes during the day.  
10.3.2. Theoretical implications 
This program of research systematically applied the IMB model (Fisher & 
Fisher, 1992; Fisher et al., 2003) to the preventative health behaviour of avoiding 
sleepy driving, specifically within the postpartum period. There was a focus on 
obtaining data to address the preventative information construct, and additional 
information was obtained regarding the preventative motivation and behavioural 
skills constructs within the model (as highlighted in Figure 10.2). Also, the 
systematic implementation of the steps within the research process (i.e., elicitation 
research – intervention implementation – evaluation research) was utilised. However, 
the focus within this program of research was on conducting the elicitation research 
and development of a program that could be utilised in an intervention, and so, 
limited evaluation research was conducted.  
 
Figure 10.2. IMB model constructs leading toward a health behaviour 
Preventative 
information 
Preventative 
motivation 
Preventative 
behavioural skills 
Health 
behaviour 
286 Chapter 10: Discussion 
 
The IMB model stipulates that information collected needs to be population-
specific. Thus, it is important to acknowledge that the population for which the 
information was collected is postpartum mothers, who are typically healthy, and 
reside with a partner in urban Australian areas. The elicitation research conducted 
within this program of research obtained valuable information regarding driving in 
the postpartum period, including sleepy driving, and postpartum sleepiness. Detailed 
discussion of the findings is provided in Section 10.2.1.1. 
As described in Section 3.2.1.1., an approach to populate the preventative 
information construct is to identify assets and deficits within the knowledge of 
members of the population. The current program of research provided initial data to 
identify these assets and deficits in regards to avoiding sleepy driving. The key 
contributions towards populating this data within the preventative information 
construct of the IMB model are provided in Table 10.1.  
Table 10.1 
Key Assets and Deficits of Knowledge Regarding Sleepy Driving Identified Within 
the Program of Research 
Preventative 
information Description 
Asset Accurate identification of effective avoidance strategies 
Asset Knowledge that driving self-regulation reduces safety risk 
Asset Knowledge that postpartum sleep is commonly fragmented 
Deficit Lack of awareness of risks associated with sleepy driving 
Deficit Inaccurate assessment of exposure and risk when sleepy driving 
 
Within the development and implementation of the information these assets and 
deficits were targeted. The brief evaluation research, conducted with a pilot study, 
identified that mothers’ knowledge of sleepy driving risks, signs, and avoidance 
strategies could be significantly improved following completion of the information 
program. However, the assessment was brief and more comprehensive assessment 
should be undertaken in the future to determine the impact of the program on 
mothers’ knowledge. 
As previously mentioned, the current program of research did not investigate 
the preventative motivation and preventative behavioural skills constructs in as much 
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depth as the preventative information construct. Within the preventative motivation 
construct personal motivation was investigated via assessment of the participants’ 
attitudes towards continuing to drive after noticing sleepiness, as well as attitudes 
towards avoiding sleepy driving. It was identified that the postpartum mothers within 
Studies 1 and 2 had positive attitudes towards avoiding sleepy driving, based on their 
attempts of driving self-regulation when sleepy. However, scope for improvement in 
these attitudes was identified, based on the postpartum mothers only sometimes 
considering sleepiness prior to getting in the driver’s seat or whilst driving. 
Discussion of the mothers’ attitudes towards avoiding sleepy driving is provided in 
Section 10.2.1.2. Preventative motivation was only indirectly addressed within the 
information program in Study 3 through the provision of information regarding the 
safety risk associated with sleepy driving. Even so, the expectant mothers within 
Study 3 all indicated intention to implement strategies to avoid sleepy driving 
including sleepiness reduction strategies, as identified during the evaluation research. 
The level of social motivation was not specifically assessed, however some insight 
was obtained as it was identified that these postpartum mothers’ driving behaviour 
existed within their family environment. Overall the key contributions towards the 
preventative motivation construct were identification of slightly positive attitudes 
towards avoiding sleepy driving that have scope for improvement, and the indication 
that future investigations of social motivation should initially focus on the family 
within which the mother’s driving behaviour occurs. 
Within the preventative behavioural skills construct key strategies for avoiding 
sleepy driving were identified, including those likely to be most feasible for 
postpartum mothers to implement. Discussion of these feasible strategies for 
avoiding sleepy driving in the postpartum period was provided in Section 10.2.1.3. 
These strategies included utilising alternative drivers, considering sleepiness prior to 
getting in the car, and considering sleepiness whilst driving. It was also identified in 
Study 2a that the postpartum mothers were willing to implement other sleepy driving 
avoidance strategies in the future, which included stopping to nap, to eat or drink, or 
to get out of the car. These strategies were not deemed as relevant for postpartum 
mothers who typically undertake short driving journeys; however, further 
investigation of the relevance of these strategies during long distance journeys is 
warranted. Self-efficacy with performing these skills was assessed within the 
evaluation research, rather than actual enactment of the skills. The mothers reported 
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confidence with implementing the three proposed strategies for avoiding sleepy 
driving, however assessment of enactment of these skills is needed. 
10.3.3. Methodological implications 
Previous research assessing driving exposure often relies of self-reports of 
weekly or yearly kilometres travelled. Assessment relying on this methodology is 
prone to recall bias. This type of assessment may also be inappropriate for groups of 
people who undertake more discretionary journeys (such as going to the shops) than 
regular journeys (such as commuting to work). The prospective assessment of 
driving used in Study 1a provided a valuable method for obtaining more sensitive 
driving exposure data, and the retrospective recall of the prior seven days utilised 
within Study 2a reduced inaccurate recall associated with longer periods. Within the 
current program of research the assessments of driving exposure in Studies 1a and 2a 
relied on the metrics of trips per week and time of day of journeys. Due to this 
research being the first to determine postpartum mothers’ exposure, these metrics 
were appropriate to provide an initial determination of exposure however other 
metrics will be needed in the future. Other driving exposure metrics that should be 
utilised include kilometres per trip, kilometres per week, and kilometres per trip 
chain (Molnar et al., 2013), where one trip chain represents the total number of trips 
between leaving and returning home; trip chains could be a particularly relevant 
metric for postpartum mothers. Obtaining these additional metrics will allow for a 
more comprehensive understanding of postpartum mothers driving, and allow for 
more tailored information to be included in interventions focusing on avoiding sleepy 
driving.  
Previous research assessing sleepy driving often asks drivers to report 
occurrences of nodding off whilst driving, near miss incidents, and crashes perceived 
by the driver to be associated with sleepiness, during a specified time period such as 
the previous year (Phillips & Sagberg, 2012; Radun, Radun, Wahde, Watling, & 
Kecklund, 2015). However, these assessments are prone to recall bias and identify 
safety driving incidents rather than risk. A more sensitive, and likely accurate, 
method to measure sleepy driving risk is to assess a person’s level of sleepiness 
during a driving journey. Thus, the prospective assessment of driving and sleepiness 
utilised in Study 1a demonstrated one of the most effective methods for sleepy 
driving assessment. Although the paper-based driving diaries appeared effective, it is 
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possible that some journeys and respective sleepiness ratings were reported 
retrospectively. In light of current technological advances, it may be possible in 
future studies to capture this data electronically, thus improving the reliability and 
accuracy of data. In particular, the use of an application installed on a smartphone 
may provide a more convenient method of recording journeys and respective 
sleepiness ratings. 
10.4. Strengths and limitations of the program of research 
The specific strengths and limitations for the three studies within this program 
of research were presented in the relevant chapters. The information below presents a 
discussion of the overall strengths and limitations of the program of research. A key 
strength of this program of research was the staggered and systematic approach used 
across the three studies. Study 1 was an in-depth prospective and longitudinal study, 
which used complementary quantitative and qualitative methodology, to identify 
information regarding postpartum sleepiness and driving during the postpartum 
period. In Study 2, the findings from Study 1 were used to develop a questionnaire to 
obtain cross-sectional data from a larger sample of postpartum mothers; and the key 
findings of the two studies were compared. In Study 3 the key findings from Studies 
1 and 2 were used to develop and evaluate a program aiming to inform expectant 
mothers about postpartum sleepiness and driving.  
The first limitation of the program of research was that there was no objective 
measurement of sleepiness, both daytime sleepiness and sleepiness whilst driving. As 
such, it is possible that sleepiness was underreported within this program of research. 
It would be difficult to obtain objective assessments of sleepiness in conjunction with 
naturalistic assessment of driving and sleep. However, obtaining supplementary 
objective sleepiness measurements may have allowed for a comparison between 
subjective and objective sleepiness. The already in-depth nature of Study 1, as well 
as the use of an online questionnaire in Study 2 would have made it difficult to 
obtain this objective assessment.  
Recruitment for each study was conducted during a window of time, in which a 
number of methods were used. However, the sample sizes obtained were slightly 
lower than anticipated. This suggests that postpartum mothers can be difficult to 
recruit, particularly for in-depth longitudinal studies. The key limitation of the 
modest samples obtained within this program of research is that it restricts the 
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generalisability of the findings. Key demographics of the participants within this 
program of research were: healthy postpartum mothers and with no significant infant 
health issues reported, all but one participant had a partner, and quite highly 
educated. In particular, the expectant mothers who participated in Study 3 were 
highly educated; and therefore their knowledge and evaluation of the program may 
not be representative of the population of expectant mothers within Australia. In 
addition, the participants self-selected to participate. Thus, the data presents initial 
findings regarding sleepy driving in the postpartum period, but cannot said to be a 
true and comprehensive representation of postpartum mothers’ sleepy driving.  
This research was conducted within Australia. Driving practices vary greatly 
between countries, thus findings from the driving data in the current research are 
limited in their generalisability to nations with similar driving practices to Australia. 
Also, behaviour relating to sleep varies across cultures, and as such the sleep and 
sleepiness data would not be relevant within cultures where a large number of people 
usually sleep in one room. Within Studies 2 and 3, the majority of the mothers 
reported that they identified with Australian culture. Thus, the real world application 
of the research is appropriate within Australia and other culturally similar countries, 
and the generalisability of the findings to other nations and cultures may be limited.   
10.5. Suggestions for future research 
Further research regarding mothers’ driving and sleepiness during the 
postpartum period is warranted, including objective assessment of postpartum 
mothers’ driving. This could be done utilising in-car assessment methodology with 
GPS devices. Recently, GPS devices have been installed into the vehicles of older 
adults to obtain objective measurement of their naturalistic driving (Molnar, 
Charlton, Eby et al., 2013). For postpartum mothers, GPS devices could obtain 
objective data regarding exposure for comparison with the subjective reports within 
this program of research (e.g., number of journeys per week and time of day), as well 
as provide data for other exposure metrics that have not been obtained for this 
population as yet (e.g., journey duration, kilometres travelled, trip chains). In-car 
assessment of speed, lane deviations, and braking could also provide objective 
indication of neurobehavioural performance. As sleepiness must be assessed in 
conjunction with each driving journey, in the near future it may be economically 
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feasible to use an application on a smartphone to record subjective sleepiness. This 
may be more convenient for participants than completing a paper-based diary. 
The information program that was developed and piloted with a limited sample 
within this program of research should be disseminated and assessed with a larger 
sample of perinatal mothers. An effective way to obtain a larger sample of expectant 
mothers would be to recruit through the hospital system. In addition, it would be 
beneficial to assess actual behaviour rather than intention to enact behavioural skills 
for avoiding sleepy driving.  Thus in terms of design, future studies could build on 
the current pre- and post-program assessment design by including an additional 
assessment during the postpartum period. From the findings within this program of 
research, scheduling this additional assessment at a point between six and 12 weeks 
postpartum would be appropriate. This is based on the finding that postpartum 
mothers are likely to display reduced driving during the first six postpartum weeks, 
and as such would not be representative of their driving during the remainder of the 
postpartum period.  
In terms of the IMB model, the preventative motivation and preventative 
behavioural skills constructs should be more thoroughly addressed. Within the 
preventative motivation construct, social motivation, which includes the social 
support and social norms surrounding avoiding sleepy driving, should be investigated 
and assessed. For example, it was identified that some mothers indicated a perceived 
necessity to undertake some journeys within their family unit, which suggests that 
postpartum mothers may be exposed to negative social norms regarding avoiding 
sleepy driving. Within the preventative behavioural skills construct, assessment of 
actual use of behavioural skills for avoiding sleepy driving should be undertaken 
during the postpartum period.  
10.6. Concluding comments 
Sleepy driving has been identified as a serious safety concern. Populations 
prone to sleepiness have been associated with increased crash risk. Sleepiness is 
commonly reported within the postpartum period, primarily because of mothers’ 
fragmented sleep from attending to their infant. Even though postpartum mothers are 
prone to sleepiness, research into their driving, including sleepiness whilst driving, 
has been limited. The aims of this program of research were to identify empirically-
based information regarding postpartum mothers’ driving and sleepiness in order to 
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develop a program to convey this information to perinatal mothers, and then to 
evaluate the effectiveness of the information in the program with a pilot sample. 
This program of research included three studies that systematically built on 
from each other. These included the initial in-depth, prospective assessment of 
postpartum sleep, sleepiness, and driving with a modest sample, followed by cross-
sectional questionnaire assessment of retrospective sleep, sleepiness and driving to 
confirm findings with a larger sample. The main findings were that urban postpartum 
mothers demonstrate regular exposure to the road environment, and drive at times of 
high sleepiness. They typically drive shorter distances and for discretionary 
purposes; however, their driving behaviour appears to function within their family 
unit and they perceive a need to undertake certain journeys as the driver. However, 
the postpartum mothers within these studies did make efforts to self-regulate their 
driving, which was a positive finding in relation to sleepy driving avoidance 
interventions. They also provided suggestions for avoidance strategies that may be 
feasible for postpartum mothers. Overall, these findings indicated that postpartum 
mothers are at increased crash risk associated with sleepy driving; and they are also a 
population who may be willing to implement strategies to reduce the risk.  
The third study used the findings of the two prior studies to develop a program 
to convey pertinent information regarding postpartum sleepiness and driving, as well 
as an assessment of knowledge improvement from pre- to post-program completion. 
An improvement in knowledge of sleepy driving risks, signs, and countermeasures 
was identified, and all mothers within the pilot study sample intended to implement 
sleepy driving avoidance strategies. This suggests that this brief program could 
increase awareness of the problem of sleepy driving, and the sleepiness commonly 
experienced during the postpartum that may make them prone to the associated risks.  
Postpartum sleepiness is likely to be a phenomenon that continues to be 
prevalent, and current high reliance on driving within Australian urban environments 
is likely to remain consistent. Therefore, this research has some important practical 
implications regarding driving safety for postpartum mothers. The most significant 
implication would be the future use of the information program to convey evidence-
based and population-specific information regarding sleepiness and driving in the 
postpartum period. Future research could assess the usefulness of the current 
information program with a large, representative sample of perinatal mothers. Some 
of this research may be relevant for other drivers residing in urban areas within a 
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family unit, and who are experiencing sleep fragmentation but are otherwise usually 
healthy. 
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Appendix D 
Study 1 Questionnaire 
 Section 1: About You  
 Please answer the following questions by writing 
your answer in the blank space provided, or ticking 
the appropriate box. 
 
1 What is your age in years?   ______ years 
2 What is your current marital status? □ Married/De Facto/ 
Partner  
□ Single  
□ Widowed 
□ Divorced or 
Separated 
3 Do you have other children living in your home 
other than your new baby?  
□ Yes  -  If yes, please 
list their ages. 
_______ 
□ No  
4 What is your current employment status? □ Full Time  
□ Part Time      • 
□ Casual  • 
□ Volunteer • 
□ Student     • 
□ Unemployed    • 
□ Primary Carer    
5 Are you currently on Maternity leave? □ Yes  -  If so, how 
long is your leave? 
_____ months    • 
□ No 
6 What is your highest education level? □ Junior Certificate • 
□ Senior Certificate 
□ Associate Diploma       
□ Diploma • 
□ Degree • 
□ Honours Degree • 
□ Masters or PhD 
7 Are you currently taking any prescription 
medications? 
□ Yes     • 
□ No  
If yes, please list 
medication, number 
taken per day and dosage 
per tablet in mg. _____ 
8 Are currently taking any natural or over the counter 
medications? 
□ Yes                • 
□ No  
If yes, please list number 
taken per day and dosage 
per tablet in mg. _____ 
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9 Do you smoke? □ Yes     • 
□ No 
If yes, how many 
cigarettes per day? 
______ 
10 Do you consume alcohol? • If yes, please estimate 
how many standard 
drinks consumed in a 
week. 
______ 
 Section 2: About your baby and the support you 
have for your baby’s care 
 
11 Tick the box that best describes how you feed your 
child. 
□ Fully breastfeed 
□ Combination 
breast/bottle feed 
□ Bottle feed 
□ Solids and Breast 
□ Solids and Bottle 
12 Do you have any help with the night time care of 
your baby? 
□ No one 
□ Spouse/Partner 
□ Other family member 
□ Paid help 
□ Other ________ 
13 How often do you receive help with night time care 
of your baby? 
□ Everyday •  
□ 1-2 times a week       
□ 1-2 times a month 
□ Less than once a 
month        •  
□ Never  
14 Do you have any help with the day time care of 
your baby? 
□ No one 
□ Spouse/Partner 
□ Other family member 
□ Friends 
□ Paid help 
□ Formal Child Care 
□ Other ________ 
15 How often do you receive help with the day time 
care of your baby? 
□ Everyday     •  
□ 1-2 times a week      
□ 1-2 times a month 
□ Less than once a 
month        •  
□ Never  
 Section 3: Changes in what you do since your 
baby was born 
 
16 How many hours a week on average did/do you 
spend driving? 
Before your baby was 
born: _______ 
In the last six weeks: 
________ 
17 On average how many hours a night did/do you Before your baby was 
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sleep? born: _______ 
In the last six weeks: 
________ 
18 How many hours a week did/do you spend 
exercising? 
Before your baby was 
born: _______ 
In the last six weeks: 
________ 
19 What other major changes in the activities you do in 
a normal day have you noticed since your baby was 
born? 
Open-ended response 
 The following questions relate to your driving 
behaviour and any on-road incidents or crashes 
when YOU WERE DRIVING, whether you were 
at fault or not: 
 
20 On average how often would you talk on your 
mobile phone without using hands free, while 
driving? 
Before your baby was 
born:  
□ Often   •  
□ Sometimes      
□ Very occasionally 
□ Never 
In the last six weeks:  
□ Often   •  
□ Sometimes      
□ Very occasionally 
□ Never 
21 On average how often would you talk on your 
mobile phone using hands free, while driving?  
Before your baby was 
born:  
□ Often   •  
□ Sometimes      
□ Very occasionally 
□ Never 
In the last six weeks:  
□ Often   •  
□ Sometimes      
□ Very occasionally 
□ Never 
22 How often did you forget to wear a seat belt while 
driving?  
Before your baby was 
born:  
□ Often   •  
□ Sometimes      
□ Very occasionally 
□ Never 
In the last six weeks:  
□ Often   •  
□ Sometimes      
□ Very occasionally 
□ Never 
23 How often did you drive while possibly being over Before your baby was 
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the alcohol limit of .05? born:  
□ Often   •  
□ Sometimes      
□ Very occasionally 
□ Never 
In the last six weeks:  
□ Often   •  
□ Sometimes      
□ Very occasionally 
□ Never 
24 How often did you drive inappropriately to the road 
conditions (e.g., speeding when wet)? 
 
Before your baby was 
born:  
□ Often   •  
□ Sometimes      
□ Very occasionally 
□ Never 
In the last six weeks:  
□ Often   •  
□ Sometimes      
□ Very occasionally 
□ Never 
25 How many speeding fines have you had? Before your baby was 
born: _______ 
In the last six weeks: 
________ 
26 How many crashes have you had where no one was 
injured but your car or property (e.g., fence) was 
damaged? 
Before your baby was 
born: _______ 
In the last six weeks: 
________ 
27 How many crashes have you had where no one was 
injured and there was no damage to your car or 
another car? 
Before your baby was 
born: _______ 
In the last six weeks: 
________ 
28 How many crashes have you had where someone 
involved received a minor injury? 
Before your baby was 
born: _______ 
In the last six weeks: 
________ 
29 How many crashes have you had where someone 
involved received a serious injury? 
Before your baby was 
born: _______ 
In the last six weeks: 
________ 
 Section 4: About How You Are Feeling  
 How likely are you to doze off or fall asleep in the 
following situations, in contrast to feeling just tired? 
This refers to your usual way of life in recent times. 
Even if you have not done some of these things 
Use the following scale 
to choose the most 
appropriate number for 
each situation: 
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recently try to work out how they would have 
affected you. 1 
0 = no chance of dozing  
1 = slight chance of 
dozing  
2 = moderate chance of 
dozing  
3 = high chance of 
dozing  
30 Sitting and reading 0 – 1 – 2 – 3 
31 Watching TV 0 – 1 – 2 – 3 
32 Sitting inactive in a public place (e.g., a theatre or a 
meeting) 
0 – 1 – 2 – 3 
33 As a passenger in a car for an hour without a break 0 – 1 – 2 – 3 
34 Lying down to rest in the afternoon when 
circumstances permit 
0 – 1 – 2 – 3 
35 Sitting and talking to someone 0 – 1 – 2 – 3 
36 Sitting quietly after a lunch without alcohol 0 – 1 – 2 – 3 
37 In a car, while stopped for a few minutes in traffic 0 – 1 – 2 – 3 
 These questions refer to the effects of sleepiness 
due directly to a lack of sufficient sleep.  
 
38 How frequently do you think that sleepiness due to 
lack of sleep interferes with you performing your 
normal daily activities? 
□ Everyday            
□ A few days a week              
□ Once a week 
□ A few days a month         
□ Rarely          • 
□ Never 
39 In what way do you think sleepiness due to lack of 
sleep effects your daily life? 
Open-ended response 
40 Are there any tasks/activities that you do not 
perform now that you normally would because of 
sleepiness due to lack of sleep? 
Open-ended response 
41 Do you experience irritability due to lack of sleep? □ Everyday            
□ A few days a week              
□ Once a week 
□ A few days a month         
□ Rarely          • 
□ Never 
42 Do you feel physically less capable due to lack of 
sleep? 
□ Everyday            
□ A few days a week              
□ Once a week 
□ A few days a month         
□ Rarely          • 
□ Never 
43 Do you experience forgetfulness due to lack of 
sleep? 
□ Everyday            
□ A few days a week              
                                                 
 
1 Items 30 to 37 comprise the Epworth Sleepiness Scale (Johns, 1991). 
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□ Once a week 
□ A few days a month         
□ Rarely          • 
□ Never 
44 Do you find it difficult to concentrate due to lack of 
sleep? 
□ Everyday            
□ A few days a week              
□ Once a week 
□ A few days a month         
□ Rarely          • 
□ Never 
 These questions refer to fatigue, that is being 
physically or emotionally worn out or exhausted 
from getting through your daily tasks.  
 
45 How frequently do you think that fatigue due to 
being worn out by daily tasks interferes with you 
performing your normal daily activities? 
□ Everyday            
□ A few days a week              
□ Once a week 
□ A few days a month         
□ Rarely          • 
□ Never 
46 In what way do you think fatigue effects your daily 
life? 
Open-ended response 
47 Are there any tasks/activities that you do not 
perform now that you normally would because of 
fatigue due to being worn out by daily tasks? 
Open-ended response 
48 Do you experience irritability due to fatigue? □ Everyday            
□ A few days a week              
□ Once a week 
□ A few days a month         
□ Rarely          • 
□ Never 
49 Do you feel physically less capable due to fatigue? □ Everyday            
□ A few days a week              
□ Once a week 
□ A few days a month         
□ Rarely          • 
□ Never 
50 Do you experience forgetfulness due to fatigue? □ Everyday            
□ A few days a week              
□ Once a week 
□ A few days a month         
□ Rarely          • 
□ Never 
51 Do you find it difficult to concentrate due to 
fatigue? 
□ Everyday            
□ A few days a week              
□ Once a week 
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□ A few days a month         
□ Rarely          • 
□ Never 
 How likely are you to do the following on a day 
when you are sleepy? 
 
52 Accept it and keep going □ Not at all           
□ No more than usual 
□ Rather more than 
usual 
□ Much more than 
usual         
53 Be in a bad mood □ Not at all           
□ No more than usual 
□ Rather more than 
usual 
□ Much more than 
usual         
54 Exercise □ Not at all           
□ No more than usual 
□ Rather more than 
usual 
□ Much more than 
usual         
55 Do less that day □ Not at all           
□ No more than usual 
□ Rather more than 
usual 
□ Much more than 
usual         
56 Use caffeinated beverages (e.g., coffee, tea, coke) □ Not at all           
□ No more than usual 
□ Rather more than 
usual 
□ Much more than 
usual         
57 Use natural or over the counter alertness medication □ Not at all           
□ No more than usual 
□ Rather more than 
usual 
□ Much more than 
usual         
58 Go to bed early that night □ Not at all           
□ No more than usual 
□ Rather more than 
usual 
□ Much more than 
usual         
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59 Sleep more when you can (e.g., catch up on 
weekend) 
□ Not at all           
□ No more than usual 
□ Rather more than 
usual 
□ Much more than 
usual         
60 Nap during the day □ Not at all           
□ No more than usual 
□ Rather more than 
usual 
□ Much more than 
usual         
61 Eat high carb foods □ Not at all           
□ No more than usual 
□ Rather more than 
usual 
□ Much more than 
usual         
 Please consider the last four weeks and answer the 
following questions by selecting and circling one of 
the four answer options.2 
 
62 Been able to concentrate on what you’re doing □ Better than usual 
□ Same as usual 
□ Less than usual 
□ Much less than usual 
63 Lost much sleep over worry □ Not at all 
□ No more than usual 
□ Rather more than 
usual  
□ Much more than 
usual 
64 Felt you were playing a useful part in things □ More so than usual 
□ Same as usual 
□ Less useful than 
usual 
□ Much less useful 
65 Felt capable of making decisions about things □ More so than usual 
□ Same as usual 
□ Less useful than 
usual 
□ Much less useful 
66 Felt constantly under strain □ Not at all 
□ No more than usual 
□ Rather more than 
usual  
□ Much more than 
                                                 
 
2 Items 62 to 73 comprise the12-Item General Health Questionnaire (GHQ-12) 
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usual 
67 Felt you couldn’t overcome your difficulties □ Not at all 
□ No more than usual 
□ Rather more than 
usual  
□ Much more than 
usual 
68 Been able to enjoy your normal day-to-day 
activities 
□ More so than usual 
□ Same as usual 
□ Less useful than 
usual 
□ Much less useful 
69 Been able to face up to your problems □ More so than usual 
□ Same as usual 
□ Less useful than 
usual 
□ Much less useful 
70 Been feeling unhappy and depressed  □ Not at all 
□ No more than usual 
□ Rather more than 
usual  
□ Much more than 
usual 
71 Been losing confidence in yourself □ Not at all 
□ No more than usual 
□ Rather more than 
usual  
□ Much more than 
usual 
72 Been thinking of yourself as a worthless person □ Not at all 
□ No more than usual 
□ Rather more than 
usual  
□ Much more than 
usual 
73 Been feeling reasonably happy, all things 
considered 
□ More so than usual 
□ Same as usual 
□ Less so than usual 
□ Much less than usual 
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Appendix E 
Study 1 Semi-structured interview questions 
 
Question 1   
In your own words, can you tell me about your experience of postpartum fatigue 
since the birth of your baby? 
 
Question 1a  
So what do you think postpartum fatigue really is? (Draw out if difference between 
lack of sleep and fatigue) 
 
Question 2  
What do you think are the main causes of fatigue? 
 
Question 3 
Before being involved in this study, had you thought at all about the possibility of 
tiredness or fatigue in the postpartum period? 
 
IF NO – Go to Question 4. 
 
IF YES –  
Question 3a   
What impact did you think it would have on you? 
 
Question 3b 
Is your experience of tiredness or fatigue in the postpartum period what you 
expected? 
 
******************************************************************** 
 
Question 4   
Can you tell me how this lack of sleep or fatigue has impacted upon your ability to 
get through your daily tasks? In particular, we are interested in the driving task and 
the impact it has on this behaviour. 
 
Question 5a   
This question is similar to the sleepiness scale used in the sleep diary sections.   
 
On a 1 to 9 scale, with 1 being not tired at all, 3 being both tired or sleepy, 4-6 being 
neither tired or not tired, 7 being tired or sleepy and 9 being very tired or sleepy, 
what would you say have been your average level of sleepiness over the past 12 
weeks 
 
1 2 3 4    5    6 7 8 9 
Not tired 
at 
all 
 Both tired 
or sleepy 
Neither tired 
or not tired 
Tired  Very tired 
 
Question 5b    
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On a 1 to 9 scale, with 1 being very alert, 3 being alert, 4-6 being neither fatigued or 
alert, 7 being fatigued and 9 being very fatigued, what would you say have been your 
average level of fatigue over the past 12 weeks 
 
1 2 3 4    5    6 7 8 9 
Very alert  Alert Neither fatigued 
or alert 
Fatigued  Very 
fatigued 
 
******************************************************************** 
 
Question 6a 
If you could get more sleep would you feel less sleepy? 
 
Question 6b 
If you could get more sleep would you feel less fatigued? 
 
******************************************************************** 
 
Question 7a 
What strategies have you used to deal with this lack of sleep? 
 
Question 7b   
How effective do you think these strategies have been? 
 
Question 7c  
Anything you would do differently? 
 
******************************************************************** 
 
Question 8a  
Any other strategies that you have used to deal with FATIGUE rather than sleepiness 
or tiredness? 
 
Question 8b  
How effective have these strategies been? 
 
Question 9   
Have you previously received any information about postpartum fatigue at any time 
(excluding this study)? 
 
IFYES – 
Question 9a   
Where did you get this information from? 
 
Question 9b   
What did the information contain? 
 
Question 9c   
Was the information useful?  
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Appendix F 
Study 2 Questionnaire 
 
Screening Questions        Page 1 
As we are investigating a specific population, could you 
please confirm that you meet the following criteria: 
 
 Over 18 years of age; 
 Have given birth to a single child (e.g., not twins 
or triplets) in the last 6 months; 
 Currently living in Australia; and 
 Currently hold a driver's licence. 
□Yes
□No
 
ABOUT YOUR BABY...        Page 2 
1 What is your baby’s date of birth? __/__/____ 
2 What is your baby’s gender? □ Male 
□ Female 
3 How many weeks pregnant were you when 
your baby was born? (e.g., 38) 
Weeks: ______ 
 
4 What method was your baby delivered? □ Vaginal birth 
□ Scheduled caesarean 
□ Emergency caesarean 
5 When did you return home after giving birth 
to your baby? 
Days: _____ 
 
6 What method/s are you currently using to feed 
your child? 
(please select all that apply) 
□ Breastfeeding 
□ Bottle feeding - formula 
□ Bottle feeding - expressed 
milk 
□ Solids 
7 Has your infant had any serious health 
problems that have affected your sleep? 
□ Yes 
□ No 
If yes, please explain 
(optional): ___________ 
 
ABOUT YOU...        Page 3 
8 What is your age in years? For example: 28 Years: _____ 
9 What is your current marital status? □ Married 
□ De facto / Partner 
□ Single 
□ Divorced or Separated 
□ Widowed 
10 What cultural background (i.e. cultural values _____________ 
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and norms) do you most identify with?  
For example: Australian, Indian, Samoan 
 
 
11 What language/s do you speak when at home? 
For example: English, German, Mandarin 
_____________ 
 
12 Do you have other children living in your 
home other than your baby? 
□ Yes 
□ No 
If yes, please list the ages of 
your other children: ________ 
13 What is your highest education level? □ Junior Certificate 
□ Senior Certificate 
□ Diploma 
□ Degree 
□ Honours Degree 
□ Masters or PhD 
14 What was your employment status before 
giving birth? 
□ Full-time 
□ Part-time 
□ Casual 
□ Volunteer 
□ Student 
□ Primary Carer 
□ Unemployed 
15 Are you currently on maternity leave? □ Yes 
□ No 
If yes, how long is your 
maternity leave? ______ 
16 Are you currently taking any prescription 
medications? 
□ Yes 
□ No 
If yes, please list: __________ 
17 Are you currently taking any natural or over 
the counter medications? 
□ Yes 
□ No 
If yes, please list: _________ 
18 Do you currently smoke cigarettes? □ Yes 
□ No 
If yes, how many cigarettes 
per week? ____ 
19 Do you currently consume alcohol? □ Yes 
□ No 
If yes, how many standard 
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drinks per week? ____ 
20 Do you take anything to help you sleep? □ Yes 
□ No 
If yes, please list: 
___________ 
21 Have you ever been diagnosed with the 
following? (please select all that apply) 
□ Hypothyroidism 
□ Depression 
 
22 Have you developed any of the following 
infections or inflammations in the last 4 
weeks? 
(please select all that apply) 
□ Iron deficiency anaemia 
□ Endometriosis 
□ Infectious mastitis 
□ Urinary tract infection 
 
HOW YOU ARE CURRENTLY FEELING...    Page 4 
 Please read each statement and circle a 
number 0, 1, 2 or 3 which indicates how much 
the statement applied to you over the past 
week. There are no right or wrong answers. 
Do not spend too much time on any 
statement.3 
The rating scale is as follows: 
0 - Did not apply to me at all  
1 - Applied to me to some 
degree, or some of the time  
2 - Applied to me to a 
considerable degree, or a good 
part of time  
3 - Applied to me very much, 
or most of the time 
23 I found it hard to wind down 0 – 1 – 2 – 3 
24 I was aware of dryness of my mouth 0 – 1 – 2 – 3 
25 I couldn't seem to experience any positive 
feeling at all 
0 – 1 – 2 – 3 
26 I experienced breathing difficulty (eg, 
excessively rapid breathing, breathlessness in 
the absence of physical exertion) 
0 – 1 – 2 – 3 
 
 
27 I found it difficult to work up the initiative to 
do things 
0 – 1 – 2 – 3 
28 I tended to over‐react to situations 0 – 1 – 2 – 3 
29 I experienced trembling (eg, in the hands) 0 – 1 – 2 – 3 
30 I felt that I was using a lot of nervous energy 0 – 1 – 2 – 3 
31 I was worried about situations in which I 
might panic and make a fool of myself 
0 – 1 – 2 – 3 
 
32 I felt that I had nothing to look forward to 0 – 1 – 2 – 3 
33 I found myself getting agitated 0 – 1 – 2 – 3 
34 I found it difficult to relax 0 – 1 – 2 – 3 
35 I felt down‐hearted and blue 0 – 1 – 2 – 3 
36 I was intolerant of anything that kept me from 
getting on with what I was doing 
0 – 1 – 2 – 3 
 
                                                 
 
3 Items 23 to 43 comprise the Depression Anxiety and Stress Scale (DASS-21) 
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37 I felt I was close to panic 0 – 1 – 2 – 3 
38 I was unable to become enthusiastic about 
anything 
0 – 1 – 2 – 3 
39 I felt I wasn't worth much as a person 0 – 1 – 2 – 3 
40 I felt that I was rather touchy 0 – 1 – 2 – 3 
41 I was aware of the action of my heart in the 
absence of physical exertion (eg, sense of 
heart rate increase, heart missing a beat) 
0 – 1 – 2 – 3 
 
 
42 I felt scared without any good reason 0 – 1 – 2 – 3 
43 I felt that life was meaningless 0 – 1 – 2 – 3 
 On average, over the past 7 days: Choose the number that most 
appropriately describes how 
you felt.4 
1 – Very alert 
3 – Alert 
5 – Neither alert nor sleepy 
7 – Sleepy 
9 – Very sleepy 
44 How sleepy did you feel when waking up in 
the morning? 
1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9  
 
45 How sleepy did you feel during the day? 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 
46 How sleepy did you feel during the evening? 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 
   
 
YOUR CURRENT TIREDNESS AND SLEEPINESS FEELINGS... Page 5 
 How likely are you to doze off or fall asleep in 
the following situations, in contrast to feeling 
just tired? 5 
Choose the number that most 
appropriately applies to each 
situation. 
0 – Would never doze  
1 – Slight chance of dozing 
2 – Moderate chance of 
dozing  
3 – High chance of dozing 
47 Sitting and reading. 0 – 1 – 2 – 3  
48 Watching television. 0 – 1 – 2 – 3 
49 Sitting inactively in a public place. 0 – 1 – 2 – 3 
50 As a passenger in a car for about an hour. 0 – 1 – 2 – 3 
51 Lying down to rest in the afternoon. 0 – 1 – 2 – 3 
52 Sitting and talking to someone. 0 – 1 – 2 – 3 
53 Sitting quietly after lunch without alcohol. 0 – 1 – 2 – 3 
54 In a car while stopped for a few minutes. 0 – 1 – 2 – 3 
 How often does sleepiness impact you: Choose the number that most 
appropriately describes the 
                                                 
 
4 The response scale for items 44 to 46 utilised the Karolinska Sleepiness Scale  
5 Items 47 to 54 comprised the Epworth Sleepiness Scale 
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occurrence. 
1 – everyday 
2 – a few days a week 
3 – once a week 
4 – once a month 
5 – never  
55 Physically (e.g., body needs to rest)? 1 – 2 – 3 – 4 – 5  
56 Mentally (e.g., concentration; forgetfulness)? 1 – 2 – 3 – 4 – 5 
57 Emotionally (e.g., irritability)? 1 – 2 – 3 – 4 – 5 
58 Socially (e.g., miss a social commitment)? 1 – 2 – 3 – 4 – 5 
59 Your ability to get through your daily tasks? 1 – 2 – 3 – 4 – 5 
 
RESPONSIBILITIES WITHIN YOUR FAMILY...   Page 6 
60 We would like you to think about the different 
needs your baby currently has (e.g., feeding, 
putting to sleep, keeping entertained). We 
would also like you to think about the current 
arrangements you have for caring for your 
baby.  
Based on your current care arrangements, 
please indicate how much responsibility the 
following people have (as a percentage).  
Note: All numbers must add up to 100. 
You: _____% 
Spouse / Partner: _____% 
Other family member/s: 
_____% 
Friend/s: _____% 
Paid help (e.g., nanny, day 
care): _____% 
 
61 We would like you to think about the different 
tasks that currently need to be completed 
within your house (e.g., preparing food, 
cleaning, errands). We would also like you to 
think about the current arrangements you have 
for completing household tasks.  
Based on your current arrangements for 
completing household tasks, please indicate 
how much responsibility the following people 
have (as a percentage).  
Note: All numbers must add up to 100. 
You: _____% 
Spouse / Partner: _____% 
Other family member/s: 
_____% 
Friend/s: _____% 
Paid help (e.g., cleaner): 
_____% 
 
 
62 Do you currently have any help with the day 
time care of your baby? 
□ Yes  
□ No 
63 Who currently helps you with the day time 
care of your baby? (Select all that apply) 
□ No one 
□ Spouse / Partner 
□ Other family member 
□ Paid help 
□ Other, please specify 
________ 
64 How often do you have help with the day time 
care of your baby? 
□ Every day 
□ 1-2 times a week 
□ 3-5 times a week 
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□ 1-2 times a month 
□ Less than once a month 
□ Never 
65 Do you currently have any help with the night 
time care of your baby? 
□ Yes  
□ No 
66 Who currently helps you with the night time 
care of your baby? (Select all that apply) 
□ No one 
□ Spouse / Partner 
□ Other family member 
□ Paid help 
□ Other, please specify 
________ 
67 How often do you have help with the night 
time care of your baby? 
□ Every day 
□ 1-2 times a week 
□ 3-5 times a week 
□ 1-2 times a month 
□ Less than once a month 
□ Never 
68 Are you currently the primary carer for any 
children other than your baby (e.g., older 
siblings of your baby)? 
□ Yes  
□ No 
 Regarding the care of your infant, when the 
following tasks need to be done, how often do 
you perform them? 
Choose the number that most 
appropriately describes the 
occurrence. 
1 – Never 
2 – Sometimes 
3 – Half of the time 
4 – Most of the time 
5 – Every time 
69 Feeding 1 – 2 – 3 – 4 – 5 
70 Bathing 1 – 2 – 3 – 4 – 5 
71 Nappy changing 1 – 2 – 3 – 4 – 5 
72 Putting baby to sleep 1 – 2 – 3 – 4 – 5 
73 Responding to baby at night 1 – 2 – 3 – 4 – 5 
74 Dressing baby 1 – 2 – 3 – 4 – 5 
75 Taking baby to medical appointments 1 – 2 – 3 – 4 – 5 
 Regarding the functioning of your household, 
when the following tasks need to be done, how 
often do you perform them? 
Choose the number that most 
appropriately describes the 
occurrence. 
1 – Never 
2 – Sometimes 
3 – Half of the time 
4 – Most of the time 
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5 – Every time 
76 Cooking dinner 1 – 2 – 3 – 4 – 5 
77 Washing clothes 1 – 2 – 3 – 4 – 5 
78 Grocery shopping 1 – 2 – 3 – 4 – 5 
79 Cleaning the house 1 – 2 – 3 – 4 – 5 
80 Family errands 1 – 2 – 3 – 4 – 5 
81 Dishes 1 – 2 – 3 – 4 – 5 
 
YOUR THOUGHTS ABOUT YOUR BABY’S SLEEP...  Page 7 
 Please read the statements below and indicate 
your level of agreement. 
1 - Strongly disagree  
2 - Disagree 
3 - Neutral 
4 - Agree 
5 - Strongly agree 
82 My child is a good sleeper  1 – 2 – 3 – 4 – 5 
83 I am happy with the amount my baby sleeps 1 – 2 – 3 – 4 – 5 
84 I think my baby’s sleep is normal for his/her 
age 
1 – 2 – 3 – 4 – 5 
85 I have consciously thought about my baby’s 
sleep 
1 – 2 – 3 – 4 – 5 
86 I knew my sleep would change after having 
my baby 
1 – 2 – 3 – 4 – 5 
87 I knew I would sleep less after having my 
baby 
1 – 2 – 3 – 4 – 5 
88 I knew my baby would wake during night time 
hours 
1 – 2 – 3 – 4 – 5 
89 I knew I’d be tired after having my baby 1 – 2 – 3 – 4 – 5 
90 I thought I’d be tired after having my baby 1 – 2 – 3 – 4 – 5 
91 I thought my baby would sleep through the 
night by his/her current age 
1 – 2 – 3 – 4 – 5 
 
92 I didn’t think I’d be as tired as I currently am 1 – 2 – 3 – 4 – 5 
93 I thought I’d be woken as much as I currently 
am 
1 – 2 – 3 – 4 – 5 
94 It is important to me that my baby sleeps 
through the night as soon as possible 
1 – 2 – 3 – 4 – 5 
 
95 It is important to me that I get as much sleep 
as I can 
1 – 2 – 3 – 4 – 5 
96 It is important to me that I get all of my daily 
tasks done 
1 – 2 – 3 – 4 – 5 
97 It is important to me that I do things to 
maintain good physical and mental health 
1 – 2 – 3 – 4 – 5 
 
____________________________________________________________________ 
YOUR THOUGHTS ABOUT YOUR BABY’S SLEEP...  Page 8 
 Here are a series of statements about thoughts 
and feelings mothers may have when faced 
with a child that won’t sleep. After reading 
each statement circle the response that most 
closely represents how you yourself would 
1 – Strongly disagree 
2 – Moderately disagree 
3 – Mildly disagree 
4 – Mildly agree 
5 – Moderately agree 
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feel with your child.6 6 – Strongly agree 
98 When my child cries at night, I think 
something awful might have happened to him 
/ her 
1 – 2 – 3 – 4 – 5 – 6  
99 When my child wakes at night, I think I might 
not have fed him / her enough during the day 
1 – 2 – 3 – 4 – 5 – 6 
100 My child might die unexpectedly in his / her 
sleep 
1 – 2 – 3 – 4 – 5 – 6 
101 My child will feel abandoned if I don’t 
respond immediately to his / her cries at night 
1 – 2 – 3 – 4 – 5 – 6 
102 My child might go hungry if I don’t give him / 
her a feed at night 
1 – 2 – 3 – 4 – 5 – 6 
103 It is all right to allow my child to cry at night 1 – 2 – 3 – 4 – 5 – 6 
104 When my child cries at night, I think I might 
lose control and harm him / her 
1 – 2 – 3 – 4 – 5 – 6 
105 When my child wakes at night, I think I might 
not have given him / her enough attention 
during the day 
1 – 2 – 3 – 4 – 5 – 6 
 
106 I should be getting up during the night to 
check that my child is still all right 
1 – 2 – 3 – 4 – 5 – 6 
 
107 If I try to resist my child’s demands at night, 
then I think I might get very angry 
1 – 2 – 3 – 4 – 5 – 6 
108 When my child wakes crying, I always know 
what he / she needs 
1 – 2 – 3 – 4 – 5 – 6 
109 When my child cries at night and needs me, I 
wish he / she wasn’t so demanding 
1 – 2 – 3 – 4 – 5 – 6 
110 If I try to resist my child’s demands at night, 
then he / she will get even more upset 
1 – 2 – 3 – 4– 5 – 6 
111 When my child doesn’t sleep at night, I doubt 
my competence as a parent 
1 – 2 – 3 – 4 – 5 – 6 
112 If I say no to my child’s demands at night, 
then that means I’m a bad mother 
1 – 2 – 3 – 4 – 5 – 6 
 
113 I am able to let my child sleep on his / her 
own 
1 – 2 – 3 – 4 – 5 – 6 
114 When my child cries at night, I can find 
myself thinking I wish I had never had a child 
1 – 2 – 3 – 4 – 5 – 6 
115 I should respond straightaway when my child 
wakes crying at night 
1 – 2 – 3 – 4 – 5 – 6 
116 I am able to resist my child’s demands when 
he / she wakes at night 
1 – 2 – 3 – 4 – 5 – 6 
117 If I give up feeding at night, then he / she will 
never sleep 
1 – 2 – 3 – 4 – 5 – 6 
 
HOW YOU ARE CURRENTLY SLEEPING...    Page 9 
   
118 During the past week, when have you usually 
gone to sleep at night? 
□ Before 5pm 
                                                 
 
6 Items 98 to 117 comprised the Maternal Cognitions about Infant Sleep Scale 
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□ 5pm 
□ 5:30pm 
□ 6pm 
□ 6:30pm 
□ 7pm 
□ 7:30pm 
□ 8pm 
□ 8:30pm 
□ 9pm 
□ 9:30pm 
□ 10pm 
□ 10:30pm 
□ 11pm 
□ 11:30pm 
□ Midnight or after midnight 
119 During the past week, when have you usually 
woken up in the morning? 
□ Before 4am 
□ 4am 
□ 4:30am 
□ 5am 
□ 5:30am 
□ 6am 
□ 6:30am 
□ 7am 
□ 7:30am 
□ 8am 
□ 8:30am 
□ 9am 
□ 9:30am 
□ 10am 
□ After 10am 
120 During the past week, on average how much 
sleep have you received per night? 
__hrs __mins 
 
121 During the past week, on average how many 
times were you woken each night between 
10pm and 6am? 
___ 
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122 During the past week, on average how many 
times were you woken each night between 
10pm and 6am to care for your baby? 
___ 
 
123 During the past week, how long was your 
longest uninterrupted sleep period? 
__hrs __mins 
124 During the past week, how many naps have 
you taken during the day (total number across 
the 7 days)? 
___ 
 
125 On average, how long did your naps last for? __hrs __mins 
126 During the past week, which of the following 
aids/behaviours have you used to try to 
improve or maximise your sleep? 
(please select all that apply) 
□ Try to adhere to a set bed 
time 
□ Try to go to bed early 
□ Arrange for another person 
to attend to baby if he/she 
awakes 
□ Paracetamol 
□ Alcohol 
□ Sleeping pill 
□ Sedative 
□ Other, please 
specify.______ 
□ None 
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127 During the past week, when has your baby 
usually gone to sleep at night? 
□ Before 5pm 
□ 5pm 
□ 5:30pm 
□ 6:00pm 
□ 6:30pm 
□ 7pm 
□ 7:30pm 
□ 8pm 
□ 8:30pm 
□ 9pm 
□ 9:30pm 
□ 10pm 
□ 10:30pm 
□ 11pm 
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□ 11:30pm 
□ Midnight or after midnight 
128 During the past week, when has your baby 
usually woken up in the morning? 
□ Before 4am 
□ 4am 
□ 4:30am 
□ 5am 
□ 5:30am 
□ 6am 
□ 6:30am 
□ 7am 
□ 7:30am 
□ 8am 
□ 8:30am 
□ 9am 
□ 9:30am 
□ 10am 
□ After 10am 
129 During the past week, on average how many 
times did your baby wake between 10pm and 
6am? 
___ 
 
130 During the past week, how long was your 
baby’s longest uninterrupted sleep period? 
__hrs __mins 
 
131 During the past week, on average for how 
long has your baby slept per day? 
__hrs __mins 
 
132 Where does your baby usually sleep during 
the day? 
(please select all that apply) 
□ His/her basinet 
□ His/her cot 
□ Your bed 
□ Bed in the house (besides 
your bed) 
□ Couch 
□ Pram 
□ Other, please describe: 
__________ 
133 Where does your baby usually sleep at night? 
(please select all that apply) 
□ His/her basinet 
□ His/her cot 
□ Your bed 
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□ Bed in the house (besides 
your bed) 
□ Couch 
□ Pram 
□ Other, please describe: 
__________ 
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 Which methods do you use to help to settle 
your baby off to sleep?7 
How often do you use each 
one? 
1 – Never 
2 – Rarely 
3 – Sometimes 
4 – Often 
5 – Very often 
134 Stroke part of child or pat 1 – 2 – 3 – 4 – 5 
135 Cuddling or rocking in arms 1 – 2 – 3 – 4 – 5 
136 Carrying around house in arms 1 – 2 – 3 – 4 – 5 
137 Walks in pram or buggy 1 – 2 – 3 – 4 – 5 
138 Car rides 1 – 2 – 3 – 4 – 5 
139 Music tape or musical toy 1 – 2 – 3 – 4 – 5 
140 Talking softly to child 1 – 2 – 3 – 4 – 5 
141 Singing a lullaby 1 – 2 – 3 – 4 – 5 
142 Reading a story to child 1 – 2 – 3 – 4 – 5 
143 Playing with child 1 – 2 – 3 – 4 – 5 
144 Offer a special toy / cloth 1 – 2 – 3 – 4 – 5 
145 Give a feed / drink 1 – 2 – 3 – 4 – 5 
146 Leave to cry 1 – 2 – 3 – 4 – 5 
147 Stand near cot without picking baby up 1 – 2 – 3 – 4 – 5 
148 Settle on sofa with parent 1 – 2 – 3 – 4 – 5 
149 Lie with child next to their cot 1 – 2 – 3 – 4 – 5 
150 Settle in parent’s bed 1 – 2 – 3 – 4 – 5 
151 Give sleeping medication 1 – 2 – 3 – 4 – 5 
152 Do you aim for a regular sleep time for your 
baby at night? 
□ Yes, every day 
□ Yes, most days 
□ Yes, on some days 
□ No, there is no set routine 
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 Over the last 7 days, how many times did you 
drive: 
(leave blank if 0) 
 
                                                 
 
7 Items 134 to 151 comprise the Parental Interactive Bedtime Behavior Scale 
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153 between 6am and 11am? ___ 
154 between 11am and 2pm? ___ 
155 between 2pm and 4pm? ___ 
156 between 4pm and 9pm? ___ 
157 between 9pm and 6am? ___ 
   
158 Over the last 7 days, what were the main 
reasons you drove BETWEEN 6am AND 
11am.  
(please select up to 3 reasons.) 
□ go to the shops 
□ day care or school drop off 
/ pick up 
□ social outing 
□ drop off / pick up 
household member from 
public transport 
□ drop off / pick up family 
member from work 
□ errands 
□ put baby to sleep 
□ go to / from work 
□ other (please describe) 
______ 
□ N/A (did not drive during 
this period) 
159 Over the last 7 days, what were the main 
reasons you drove BETWEEN 11am AND 
2pm. 
(please select up to 3 reasons.) 
□ go to the shops 
□ day care or school drop off 
/ pick up 
□ social outing 
□ drop off / pick up 
household member from 
public transport 
□ drop off / pick up family 
member from work 
□ errands 
□ put baby to sleep 
□ go to / from work 
□ other (please describe) 
______ 
□ N/A (did not drive during 
this period) 
160 Over the last 7 days, what were the main 
reasons you drove BETWEEN 2pm AND 
□ go to the shops 
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4pm. 
(please select up to 3 reasons.) 
□ day care or school drop off 
/ pick up 
□ social outing 
□ drop off / pick up 
household member from 
public transport 
□ drop off / pick up family 
member from work 
□ errands 
□ put baby to sleep 
□ go to / from work 
□ other (please describe) 
______ 
□ N/A (did not drive during 
this period) 
161 Over the last 7 days, what were the main 
reasons you drove BETWEEN 4pm AND 
9pm. 
(please select up to 3 reasons.) 
□ go to the shops 
□ day care or school drop off 
/ pick up 
□ social outing 
□ drop off / pick up 
household member from 
public transport 
□ drop off / pick up family 
member from work 
□ errands 
□ put baby to sleep 
□ go to / from work 
□ other (please describe) 
______ 
□ N/A (did not drive during 
this period) 
162 Over the last 7 days, what were the main 
reasons you drove BETWEEN 9pm AND 
6am. 
(please select up to 3 reasons.) 
□ go to the shops 
□ day care or school drop off 
/ pick up 
□ social outing 
□ drop off / pick up 
household member from 
public transport 
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□ drop off / pick up family 
member from work 
□ errands 
□ put baby to sleep 
□ go to / from work 
□ other (please describe) 
______ 
□ N/A (did not drive during 
this period) 
 
 Over the last 7 days, on average how sleepy 
were you when driving during the following 
time periods? 
1 – Very alert 
3 – Alert 
5 – Neither alert or sleepy 
7 – Sleepy 
9 – Very sleepy8 
N/A – did not drive during 
this period 
163 between 6am and 11am? 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – NA  
164 between 11am and 2pm? 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – NA 
165 between 2pm and 4pm? 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – NA 
166 between 4pm and 9pm? 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – NA 
167 between 9pm and 6am? 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – NA 
 Thinking about your driving since the birth 
of your baby, please read each statement and 
indicate the appropriate occurrence. 
Choose the number that most 
appropriately describes the 
occurrence. 
1 – Hardly ever 
2 – Sometimes 
3 – Half of the time 
4 – Most of the time 
5 – Almost every time 
168 I think about how sleepy I am before getting 
in the car to drive. 
1 – 2 – 3 – 4 – 5 
 
169 When I am driving, I realise I am tired after 
commencing the journey. 
1 – 2 – 3 – 4 – 5 
 
170 When I feel tired whilst driving, I keep 
driving because I just want to get home. 
1 – 2 – 3 – 4 – 5 
 
171 When I feel tired whilst driving, I keep 
driving because I am only going a short 
distance. 
1 – 2 – 3 – 4 – 5 
 
                                                 
 
8 Response scale for items 163 to 167 utilised the Karolinska Sleepiness Scale 
 Appendices 345 
172 It is possible for me to get someone else to 
drive if I feel too sleepy. 
1 – 2 – 3 – 4 – 5 
 
173 If I am feeling too tired, it is possible for me 
postpone driving trips until someone else can 
drive. 
1 – 2 – 3 – 4 – 5 
 
 How concerned are you about each of the 
following traffic safety problems? 
1 – not a problem at all 
2 – slight problem 
3 – minor problem 
4 – moderate problem 
5 – serious problem 
6 – extremely serious 
problem 
174 Drink drivers 1 – 2 – 3 – 4 – 5 – 6 
175 Drivers using illegal drugs 1 – 2 – 3 – 4 – 5 – 6 
176 Drivers who speed excessively 1 – 2 – 3 – 4 – 5 – 6 
177 Distracted drivers 1 – 2 – 3 – 4 – 5 – 6 
178 Drivers using mobile phones 1 – 2 – 3 – 4 – 5 – 6 
179 Fatigued or tired drivers 1 – 2 – 3 – 4 – 5 – 6 
 Since the birth of your baby, have you:  
180 Forgotten to turn on the car lights when 
driving at night? 
Yes 
No 
181 Forgotten to put on your seatbelt whilst 
driving? 
Yes 
No 
182 Forgotten to put on a child passenger’s 
seatbelt? 
Yes 
No 
183 Forgotten to fasten the strap on the baby 
capsule? 
Yes 
No 
184 Fallen asleep or nodded off, even for a 
moment, whilst driving? 
Yes 
No 
184a How many times have you fallen asleep or 
nodded off, even for a moment, whilst 
driving since the birth of your baby? 
____ 
184b When you have fallen asleep or nodded of 
whilst driving, were you involved in a crash 
or near miss? 
Yes 
No 
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 Below is a list of countermeasures that drivers 
have reported using to prevent sleepiness and 
reduce their risk of a sleepiness related crash. 
For each countermeasure, please rate how 
effective you think that countermeasure is in 
reducing a driver's risk of falling asleep while 
driving (1- not at all effective to 10- extremely 
effective). 
1 – not at all effective 
10 – very effective 
185 Stop and get out of the car 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10  
186 Put on loud music 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
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187 Eat sweets or mints 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
188 Drink water 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
189 Stop to eat or drink 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
190 Have a caffeinated drink (e.g., coffee, Red 
Bull) 
1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
191 Stop and have a nap 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
192 Drive slower 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
193 Drive faster or more actively 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
194 Drink an energy drink 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
195 Wind down the window 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
196 Take a caffeine pill (e.g., Nodoz) 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
197 Take an alertness medication (if available) 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
198 Stop and sleep somewhere, and continue the 
next day 
1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
199 Increase the heat in the car 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
200 Swap drivers 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
201 Turn on the fan or AC 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
202 Splash water on your face 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
 For each countermeasure, please estimate how 
often you have used that countermeasure 
yourself while driving (1- never to 10- very 
often). 
1 – never 
10 – very often 
203 Stop and get out of the car 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10  
204 Put on loud music 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
205 Eat sweets or mints 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
206 Drink water 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
207 Stop to eat or drink 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
208 Have a caffeinated drink (e.g., coffee, Red 
Bull) 
1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
209 Stop and have a nap 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
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210 Drive slower 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
211 Drive faster or more actively 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
212 Drink an energy drink 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
213 Wind down the window 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
214 Take a caffeine pill (e.g., Nodoz) 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
215 Take an alertness medication (if available) 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
216 Stop and sleep somewhere, and continue the 
next day 
1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
217 Increase the heat in the car 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
218 Swap drivers 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
219 Turn on the fan or AC 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
220 Splash water on your face 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
 Please rate how willing you would be to use 
each countermeasure in the future if you found 
yourself driving while sleepy (1- not at all 
willing to 10- definitely willing). 
1 – not at all willing 
10 – definitely willing 
221 Stop and get out of the car 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10  
222 Put on loud music 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
223 Eat sweets or mints 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
224 Drink water 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
225 Stop to eat or drink 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
226 Have a caffeinated drink (e.g., coffee, Red 
Bull) 
1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
227 Stop and have a nap 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
228 Drive slower 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
229 Drive faster or more actively 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
230 Drink an energy drink 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
231 Wind down the window 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
232 Take a caffeine pill (e.g., Nodoz) 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
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233 Take an alertness medication (if available) 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
234 Stop and sleep somewhere, and continue the 
next day 
1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
235 Increase the heat in the car 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
236 Swap drivers 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
237 Turn on the fan or AC 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
238 Splash water on your face 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 
9 – 10 
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Appendix G 
Study 3 Knowledge assessment and program feedback 
 Item Response scale 
 DEMOGRAPHICS  
1 How old are you? (in years, e.g., 29)  
2 How many weeks pregnant are you? (e.g., 31)  
3 What is your current marital status?  Married 
 De facto / Partner 
 Single 
 Divorced or Separated 
 Widowed 
4 What cultural background (i.e. cultural values 
and norms) do you most identify with? (e.g., 
Australian, Indian, Samoan) 
 
5 What is your postcode?  
6 What is your highest education level?  Junior Certificate 
 Senior Certificate 
 Diploma 
 Degree 
 Honours Degree 
 Masters or PhD 
7 What is your current employment status?  Full-time 
 Part-time 
 Casual 
 Volunteer 
 Student 
 Primary Carer 
 Unemployed 
8 In what range is your household’s disposable 
weekly income? (e.g., both yours and your 
partner’s combined income after tax) 
 Less than $450 
 $450 - $650 
 $650 - $900 
 $900 - $1,500 
 Over $1,500 
9 Are you planning on taking maternity leave?  Yes, paid for the 
duration of leave 
 Yes, unpaid for the 
duration of leave 
 Yes, a combination of 
paid and unpaid leave 
 No 
10 If yes, how long is your planned leave?  
 SLEEPINESS ITEMS  
1 In the months following the birth of a baby, 
how sleepy a mother feels can be influenced 
by: 
 Her sleep 
 Her thoughts 
 Her social environment 
 All of the above 
2 How sleepy a mother feels in the few months  Her night time sleep 
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after her baby arrives is most impacted by:  How much she sleeps 
during the day 
 Her diet 
 How much she exercises 
3 What is the biggest impact determining when 
and how well a person sleeps? 
 Gender 
 Time of day 
 How long the person has 
been awake 
 Both B and C 
4 The ideal night time sleep for adults has:  No interruptions 
 One interruption 
 Two interruptions 
 Three interruptions 
5 To make sure a person’s sleep is as restorative 
as possible each day, the most important thing 
is: 
 Within the hours of 
10pm and 7am 
 Adequate time spent 
asleep 
 Having a nap as well as 
night time sleep 
 Sleeping in own bed 
6 How often do newborns typically wake during 
the night in the first weeks of their life? 
 Not at all; will sleep 
through the night 
 Every 2 to 4 hours 
 Every 4 to 6 hours 
 Every 6 hours 
7 Why do newborns wake at night?  Need to feed regularly 
 Sleep cycles are not 
developed 
 Both A and B 
 Most newborns do not 
need to wake at night 
8 Over the first six months of their life, the 
abilities of babies to sleep through the night: 
 Remains the same, as 
they should be able to 
sleep through the night 
from very early on 
 Remains the same, as 
their poor sleeping 
ability will not improve 
 Will improve gradually 
and continuously 
 Will improve but have 
setbacks at times 
9 After the birth of a baby, most Australian 
mothers’ sleep is impacted most by: 
 Her bed partner’s sleep 
 Her baby’s sleep 
 Her personal sleep 
preferences 
 All of the above 
10 The biggest change for most Australian  Wake up later 
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mothers’ night time sleep from before their 
baby was born to after, is that they: 
 Sleep less 
 Get up more often 
throughout the night 
 Go to bed later 
 SLEEPY DRIVING ITEMS  
1 Who would be most at risk of a driving 
incident? 
 A person with a BAC of 
0.03% 
 A person who has been 
awake for the last 24 
hours 
 A person driving within 
the speed limit on a 
110km/h road 
 Both A and B 
2 When are the majority of people likely to be 
most alert when driving? 
 In the morning 
 In the middle of the day 
 After lunch 
 In the early evening 
 Late at night and in the 
early hours of the 
morning 
3 Sleepy driving incident risk is highest for a 
person who: 
 Has had adequate sleep, 
and driving a short 
distance on a freeway 
 Has had adequate sleep, 
and is driving for an 
hour 
 Has had inadequate 
sleep, and is driving a 
short distance 
 Has had inadequate 
sleep, and has a few 
short trips to make 
4 When is a person most likely to be least alert 
when driving? 
 When waking in the 
morning 
 In the middle of the day 
 After lunch 
 In the early evening 
 Late at night and in 
the early hours of the 
morning 
5 After realising they were feeling sleepy, which 
driver has the lowest risk of having a sleepy 
driving incident? 
 A driver with high-level 
driving skills who keeps 
driving 
 A driver that consumes 
caffeine 
 A driver that takes a 
nap 
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 A driver that takes 
measures to stimulate 
their mind (e.g., listen to 
the radio) 
6 Which of the following are signs that you are 
sleepy driving? 
 You keep yawning 
 You drive a long 
distance 
 You have difficulty 
keeping your eyes open 
 A and C 
 All of the above 
7 What is the biggest sign you are sleepy 
driving? 
 You yawn once 
 You catch yourself 
speeding 
 You catch yourself 
nodding off 
 You pass your turnoff 
8 Out of the following options, what is the most 
effective strategy for avoiding sleepy driving? 
 Consume some sugar 
 Arrange for another 
more alert person to 
drive 
 Avoid driving alone 
 Turn up the music in the 
car 
9 Out of the following options, what is the most 
effective strategy for avoiding sleepy driving? 
 Do not drive late at 
night 
 Consume some caffeine 
 Turn up the air 
conditioning in the car 
 Converse with a 
passenger 
10 Out of the following options, what is the most 
effective strategy for avoiding sleepy driving? 
 Do not drive in the 
middle of the day 
 Stop and consider your 
sleepiness and 
postpone driving if 
sleepy 
 Only drive for short 
journeys 
 Do not drive on 
freeways or highways 
 FEEDBACK  
1 After completing the information program I got 
a better understanding of the factors that 
contribute to postpartum sleepiness. 
1 – Strongly disagree 
to 
9 – Strongly agree 
2 Please indicate your level of knowledge about 
postpartum sleepiness before completing the 
program. 
1 – No knowledge 
to 
9 – Extremely informed 
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3 Please indicate your level of knowledge about 
postpartum sleepiness after completing the 
program. 
1 – No knowledge 
to 
9 – Extremely informed 
4 Completing the information program increased 
my overall knowledge about ways to reduce 
postpartum sleepiness. 
1 – Strongly disagree 
to 
9 – Strongly agree 
5 Please specify how informative the program 
was regarding postpartum sleepiness generally. 
1 – Not at all informative 
to 
9 – Very informative 
6 Please specify how informative the program 
was regarding general sleep processes. 
1 – Not at all informative 
to 
9 – Very informative 
7 Please specify how informative the program 
was regarding infant sleep. 
1 – Not at all informative 
to 
9 – Very informative 
8 Please specify how informative the program 
was regarding mothers’ sleep post-birth. 
1 – Not at all informative 
to 
9 – Very informative 
9 Do you intend on implementing any strategies 
to attempt to avoid or reduce postpartum 
sleepiness? 
1 – No  
2 – Yes  
10 Please rate your confidence in successfully 
implementing the following strategies.  
Note: If you are not intending on implementing 
strategies in any of the areas, please leave that 
line blank. 
1 – Not particularly 
confident 
to 
9 – Very confident 
11 I believe that this program will help me manage 
my sleepiness after the birth of my baby. 
1 – Strongly disagree 
to 
9 – Strongly agree 
12 I believe that this program would help other 
expectant mothers manage their sleepiness after 
the birth of their baby. 
1 – Strongly disagree 
to 
9 – Strongly agree 
   
13 After completing the information program I got 
a better understanding of the factors that 
contribute to sleepy driving. 
1 – Strongly disagree 
to 
9 – Strongly agree 
14 Please indicate your level of knowledge about 
sleepy driving risk before completing the 
program. 
1 – No knowledge 
to 
9 – Extremely informed 
15 Please indicate your level of knowledge about 
sleepy driving risk after completing the 
program. 
1 – No knowledge 
to 
9 – Extremely informed 
16 Completing the information program increased 
my overall knowledge about ways to reduce 
sleepy driving risk in the postpartum period. 
1 – Strongly disagree 
to 
9 – Strongly agree 
17 Please specify how informative the program 
was regarding sleepy driving risks. 
1 – Not at all informative 
to 
9 – Very informative 
18 Please specify how informative the program 
was regarding sleepy driving signs. 
1 – Not at all informative 
to 
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9 – Very informative 
19 Please specify how informative the program 
was regarding effective sleepy driving 
countermeasures. 
1 – Not at all informative 
to 
9 – Very informative 
20 Do you intend on implementing any strategies 
to attempt to avoid sleepy driving? 
1 – No  
2 – Yes  
21 Please rate your confidence in successfully 
implementing the following strategies.  
Note: If you are not intending on implementing 
strategies in any of the areas, please leave that 
line blank. 
1 – Not particularly 
confident 
to 
9 – Very confident 
22 I believe that this program will help me avoid 
sleepy driving in the months following the birth 
of my baby. 
1 – Strongly disagree 
to 
9 – Strongly agree 
23 I believe that this program would help other 
expectant mothers avoid sleepy driving in the 
months following the birth of their baby. 
1 – Strongly disagree 
to 
9 – Strongly agree 
   
24 What do you think are the major benefits of the 
information program? 
Open-ended response 
25 Please consider the timing of the entire 
information program and indicate how you felt 
about the length. 
Please consider the timing of the modules in 
the information program and indicate how you 
felt about their length. 
1 – Too brief to be valuable 
to 
9 – Much too long 
26 Please reflect on the content of the information 
in the program and rate the ease of 
understanding it. 
1 – Difficult to understand 
to 
9 – Very easy to understand 
27 Please rate the ease of completing the program. 1 – Hard to navigate 
through the program 
to 
9 – Very easy to navigate 
28 Would you recommend completing this 
program to other first-time expectant mothers? 
1 – No  
2 – Yes  
29 What was your favourite method that the 
information was conveyed through? Please feel 
free to comment in the box. 
Text 
Diagrams 
Quotes from mothers 
None 
30 Were there any methods that you found 
ineffective? 
Text 
Diagrams 
Quotes from mothers 
None 
31 Do you have any suggestions for improvement 
of the information program? 
Open-ended response 
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Review documents for distress-provoking check 
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